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Abstract 
Three complementary, quantitative approaches, i.e. gut content analyses, stable 
isotope analyses (δ
15N; δ
13C) and fatty acid composition, were employed to investigate 
the extent to which the diets of four abundant species of teleost occupying different 
feeding  niches,  i.e.  Leptatherina  wallacei  (pelagic  feeder),  Acanthopagrus  butcheri 
(bentho-pelagic  feeder),  Pseudogobius  olorum  and  Favonigobius  punctatus  (benthic 
feeders) differed within and among species and within species on temporal and spatial 
scales in a permanently-open (the Swan-Canning estuary) and a seasonally-open estuary 
(Wilson Inlet) in south-western Australia. The stable isotope analyses and analyses of 
fatty acid composition were used to elucidate the origin of energy and the possible 
pathways of nutrient transfer from potential prey items to these four species of fish. 
Multivariate  methods  (non-metric  multidimensional  scaling  ordination  and 
associated tests, such as PERMANOVA, ANOSIM and SIMPER) were used to detect 
any  significant  differences  in  the  dietary  and  biochemical  compositions  of  the  fish. 
Stomach content data for each species demonstrated size-related changes in diet and that 
the  dietary  compositions  of  each  species  varied  among  estuaries.  Each  species  was 
classed  as  opportunistic  and  omnivorous,  consuming  fauna  as  well  as  flora,  but  to 
differing  extents.  Leptatherina  wallacei  fed  in  the  water  column  as  well  as  on  the 
benthos, while P. olorum almost exclusively consumed benthic prey. 
The baseline δ
15N values of primary producers were higher, in general, in the 
Swan-Canning estuary than in Wilson Inlet, and the δ
15N values in the former system 
were also higher in each prey and fish species. This fact provided evidence to suggest 
that anthropogenically introduced nitrogen was present at the system level. The δ
13C 
values showed a higher influence of terrestrially derived carbon and a lesser influence 
of marine derived carbon in the diet of each prey and fish species in the Swan-Canning 
estuary than in the aquatic macrophyte fuelled (Ruppia megacarpa) Wilson Inlet. The 
docosahexaenoic  :  eicosapentaenoic  (DHA:EPA)  fatty  acid  ratio  was  highest  in  the 
pelagic feeder (L. wallacei), lowest in the benthic feeder (P. olorum) and intermediate in 
the bentho-pelagic feeder (A. butcheri) in both the Upper Swan River and Wilson Inlet, Abstract 
xii 
and it was higher in pelagic (e.g. seston, calanoid and cyclopoid copepods, mysids) than 
in  benthic  (e.g.  annelids,  molluscs,  harpacticoid  copepods)  prey  in  both  estuaries, 
indicating that L. wallacei fed, to a certain extent, on pelagic prey, while P. olorum fed 
on benthic prey. Therefore, the DHA:EPA ratio may provide a useful indicator of the 
respective feeding niches occupied by estuarine fish species. 
The findings from these studies suggest that (1) the food resources are partitioned 
within and among species and among estuaries, (2) both terrestrial and aquatic sources 
of organic material support food chains in two estuaries, (3) the DHA:EPA ratio can be 
a useful indicator of feeding mode and  (4) the food resources and the pathways of 
material transfer from primary producers to consumers differ among these species. Acknowledgements 
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Figure 3.1  Mean (± 1 SD) for (a) temperature (b) salinity, and (c) dissolved oxygen 
concentration in the Upper Swan and Canning Rivers and Wilson Inlet 
between the summer of 2007 and autumn 2008. 
 
Figure 3.2  Mean  percentage  volumetric  contribution  of  the  different  dietary 
categories  to  the  diets  of  successive  size-classes  of  Acanthopagrus 
butcheri (a-c), Leptatherina wallacei (d-f), Pseudogobius olorum (g; i) 
and Favonigobius punctatus (h) in the Upper Swan and Canning Rivers 
and in Wilson Inlet. Sample sizes given above each column. 
 
Figure 3.3  nMDS  ordinations  of  the  resemblance  matrices  constructed  from  all 
dietary samples averaged for each size-class of Acanthopagrus butcheri, 
Leptatherina wallacei and Pseudogobius olorum in the (a) Upper Swan 
River  and  (c)  Wilson  Inlet  and  of  the  former  two  species  and 
Favonigobius punctatus in the (b) Canning River. Lengths of fish in size-
classes 1 to 11 are given in Table 3.1. 
 
Figure 3.4  nMDS ordinations of the centroid data for all dietary samples collected 
for  Acanthopagrus  butcheri,  Leptatherina  wallacei  and  Pseudogobius 
olorum in the Upper Swan River (open symbols) and Wilson Inlet (closed 
symbols) in (a) summer, (b) autumn, (c) winter and (d) spring of 2007. 
 
Figure 3.5  nMDS ordination of the centroid data for all dietary samples collected for 
Acanthopagrus  butcheri,  Leptatherina  wallacei  and  Favonigobius 
punctatus in the Canning River in each season between winter 2007 and 
autumn 2008. 
 
Figure 3.6   nMDS  ordination  of  the  centroid  data  for  the  dietary  samples  for 
Acanthopagrus butcheri and Leptatherina wallacei in the Upper Swan 
(open  symbols)  and  Canning  (closed  symbols)  Rivers  in  winter  and 
spring 2007. 
 
Figure 4.1  δ
15N (a, b) and δ
13C values (c, d) [‰ ± 1 SD]) of primary producers, 
invertebrates  and  fish  species  in  the  Upper  Swan  River  in  (a,  c) 
summer/autumn and (b, d) winter/spring of 2007. Sample size given in 
parentheses.  Note:  no  δ
15N  value  was  available  for  seston  in 
winter/spring. 
 
Figure 4.2  The mean δ
15N and δ
13C values (± 1 SD) of the different size-classes of 
(a)  A. butcheri,  (b)  L.  wallacei  and (c)  P.  olorum  in  the  Upper  Swan 
River in 2007. Size-class is given next to each point. Length-ranges for 
each species are: 2 = 20-39 mm; 3 = 40-59 mm; 4 = 60-79 mm; 5 = 50-99 
mm; 6 = 100-149 mm; 7 = 150-199 mm; 8 = 200-249 mm; 9 = 250-299 
mm (see Chapter III; Table 3.2). Sample size given in parentheses. 
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Figure 
 
Figure 4.3  Relationships between stable isotope values (δ
15N on left and δ
13C on 
right)  and  fish  length  for  Leptatherina  wallacei  (),  Acanthopagrus 
butcheri () and Pseudogobius olorum () in the Upper Swan River in 
2007. 
 
Figure 4.4  nMDS ordination of the resemblance matrix constructed from all stable 
isotope samples averaged for each size-class of Acanthopagrus butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan 
River.  Size-class  is  given  next  to  each  point.  Sample  size  given  in 
parentheses. For length ranges see Chapter III; Table 3.2. 
 
Figure 4.5  DHA:EPA ratio (± 1 SD) in prey and primary producers in the Upper 
Swan River in (a) summer/autumn and (b) winter/spring of 2007. 
 
Figure 4.6  Percentage  contribution  of  20:4(n-6)  (±  1  SD;  %  tFA)  in  prey  and 
primary producers in the Upper Swan River in (a) summer/autumn and 
(b) winter/spring of 2007. 
 
Figure 4.7  nMDS ordination of all fatty acid samples collected for Acanthopagrus 
butcheri (), Leptatherina wallacei () and Pseudogobius olorum () 
and  their  prey,  in  (a)  summer/autumn  and  (b)  winter/spring  of  2007. 
Sample size given in parentheses (summer/autumn / winter/spring). 
 
Figure 4.8  Lipid content (LC) in muscle tissue (± 1 SD; % DW) of Acanthopagrus 
butcheri, Leptatherina wallacei and Pseudogobius olorum in the Upper 
Swan  River  in  each  season  of  2007.  Sample  size  given  above  each 
column. 
 
Figure 4.9  Relative  fatty  acid  composition  (mean  ±  1  SD)  of  Acanthopagrus 
butcheri, Leptatherina wallacei and Pseudogobius olorum in the Upper 
Swan  River,  depicting  the  nine  most  abundant  fatty  acids  in  (a) 
summer/autumn  and  (b)  winter/spring  of  2007.  Sample  size  given  in 
parentheses. 
 
Figure 4.10  The  mean  20:4(n-6)  content  (±  1  SD)  of  Acanthopagrus  butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan 
River in each season of 2007. Sample size given above each column. 
 
Figure 4.11  nMDS ordination of the fatty acid samples for Acanthopagrus butcheri, 
Leptatherina wallacei and Pseudogobius olorum collected in the Upper 
Swan  River  in  2007,  averaged  for  season.  Overlaid  are fatty  acids  as 
vectors. 
 
Figure 4.12  The mean DHA:EPA ratio (± 1 SD) of Acanthopagrus butcheri (n = 57), 
Leptatherina wallacei (n = 51) and Pseudogobius olorum (n = 47) in the 
Upper Swan River in (a) summer/autumn and (b) winter/spring of 2007. 
 
Figure 4.13  nMDS ordination of the resemblance matrix constructed from all fatty 
acid  samples  averaged  for  each  size-class  of  Acanthopagrus  butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan 
River in 2007. Size-class given next to each point. Length-ranges see 
Table 3.2. 
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Figure 4.14  Mean volumetric contribution of the major dietary groups (classified by 
position in the water column and plant or animal) to the gut contents of 
Acanthopagrus  butcheri,  Leptatherina  wallacei  and  Pseudogobius 
olorum in the Upper Swan River in each season of 2007. Sample size 
given above each column. 
 
Figure 5.1  δ
15N (a, b) and δ
13C values (c, d) [‰ ± 1 SD]) of primary producers, 
invertebrates and fish species in Wilson Inlet in (a, c) summer/autumn 
and (b, d) winter/spring of 2007. Sample size given in parentheses. 
 
Figure 5.2  Stable isotopic composition of the different size-classes of Leptatherina 
wallacei ()  and  Pseudogobius  olorum  ()  in  Wilson  Inlet in  2007. 
Size-class number (sample size) given next to each point. 1 = 0-19 mm; 2 
= 20-39 mm; 3 = 40-59 mm; 4 = 60-79 mm (see Chapter III; Table 3.2). 
 
Figure 5.3  Regression analyses for the relationships between stable isotope values of 
δ
15N (on left) and δ
13C (on right) and fish length of Leptatherina wallacei 
(,  above)  and  Pseudogobius  olorum  (,  below)  in  Wilson  Inlet  in 
2007. 
 
Figure 5.4  The DHA:EPA ratio (± 1 SD) in prey and primary producers in Wilson 
Inlet in (a) summer/autumn and (b) winter/spring of 2007. 
 
Figure 5.5  nMDS  ordination  of  all  fatty  acid  samples  collected  for  Leptatherina 
wallacei  ()  and  Pseudogobius  olorum  ()  and  their  prey,  in  (a) 
summer/autumn  and  (b)  winter/spring  of  2007.  Sample  size  given  in 
parentheses. 
 
Figure 5.6  Lipid content (LC) in muscle tissue (± 1 SD; % DW) of Leptatherina 
wallacei  and  Pseudogobius  olorum  in  Wilson  Inlet  in  each  season  of 
2007. Sample size given above each column. 
 
Figure 5.7  Relative fatty acid composition (mean ± 1 SD) of Leptatherina wallacei 
(n = 45) and  Pseudogobius olorum (n = 40), depicting the nine most 
abundant  fatty  acids,  in  Wilson  Inlet  in  (a)  summer/autumn  and  (b) 
winter/spring of 2007. 
 
Figure 5.8  The DHA:EPA ratio (mean ± 1 SD) of Leptatherina wallacei (n = 45) 
and Pseudogobius olorum (n = 40) in Wilson Inlet in (a) summer/autumn 
and (b) winter/spring of 2007. 
 
Figure 5.9  nMDS ordination of the fatty acid samples of Leptatherina wallacei and 
Pseudogobius  olorum  collected  in  Wilson  Inlet  in  2007,  averaged  for 
season.  The  9  fatty  acids  contributing  most  to  the  total  fatty  acid 
composition  are  overlain  as  vectors  with  length  proportional  to  the 
magnitude of their correlation. 
 
Figure 5.10  nMDS ordination of the resemblance matrix constructed from all fatty 
acid  samples  averaged for  each  size-class  of  Leptatherina  wallacei 
and Pseudogobius olorum in Wilson Inlet in 2007. Size-class given 
next to each point. 2 = 20-39 mm; 3 = 40-59 mm; 4 = 60-79 mm. 
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Figure 5.11  Mean δ
13C vs δ
15N values of the different size-classes of A. butcheri 
in Wilson Inlet in 2007. Size-class given next to each point. 6 = 50-
99 mm; 7 = 100-149 mm; 8 = 150-199 mm; 9 = 200-249 mm; 10 = 
250-299 mm; 11 = 300-349 mm. Sample size denoted in brackets. 
 
Figure 5.12  Regression analysis of fish length versus (a) δ
15N and (b) δ
13C stable 
isotope values for Acanthopagrus butcheri in Wilson Inlet in 2007. 
 
Figure 5.13  Lipid  content  in  muscle  tissue  (±  1  SD;  %  DW)  of  Acanthopagrus 
butcheri  in  Wilson  Inlet  in  summer,  winter  and  spring  of  2007.  No 
sample was available for autumn. Sample size given above columns. 
 
Figure 5.14  Relative fatty acid composition (mean ± 1 SD) of Acanthopagrus 
butcheri in summer (n = 12), winter (n = 9) and spring (n = 13) in 
Wilson Inlet in 2007, depicting the ten most abundant fatty acids. 
 
Figure 5.15  The DHA:EPA ratio (mean ± 1 SD) of Acanthopagrus butcheri in 
summer (n = 12), winter (n = 9) and spring (n = 13) in Wilson Inlet 
in 2007. 
 
Figure 5.16  Mean volumetric contribution of the major dietary groups (classified 
by  position  in  the  water  column  and  plant  or  animal)  to  the  gut 
contents  of  Acanthopagrus  butcheri,  Leptatherina  wallacei  and 
Pseudogobius  olorum  in  Wilson  Inlet  in  each  season  of  2007. 
Sample size given above each column. 
 
Figure 6.1  The  δ
15N  (a,  b)  and  δ
13C  values  (c,  d)  [‰  ±  1  SD])  of  primary 
producers, invertebrates and fish species in the Canning River in (a, 
c) winter/spring of 2007 and (b, d) summer/autumn of 2008. Sample 
size given in parentheses. 
 
Figure 6.2  Volumetric contribution of pelagic, benthic and terrestrial flora and 
fauna to the gut contents of Acanthopagrus butcheri, Leptatherina 
wallacei, Pseudogobius olorum and Favonigobius punctatus in the 
Upper Swan River, Canning River and Wilson Inlet, averaged for 
one year. Sample size given above each column. 
 
Figure 6.3  Stable  isotopic  composition  (δ
15N  vs  δ
13C  [‰  ±  1  SD])  of 
Acanthopagrus  butcheri,  Leptatherina  wallacei,  Pseudogobius 
olorum and Favonigobius punctatus in the Upper Swan and Canning 
Rivers and Wilson Inlet in each season of 2007 and in summer and 
autumn of 2008. 
 
Figure 6.4  nMDS  ordination  of the similarity  matrix derived  from  the  mean 
fatty  acid  composition  of  Acanthopagrus  butcheri,  Leptatherina 
wallacei and Pseudogobius olorum in the Upper Swan River and 
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Acanthopagrus  butcheri,  Leptatherina  wallacei  and  Pseudogobius 
olorum in the Upper Swan River and Wilson Inlet, averaged for the 
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Figure 6.6  Food web of the Upper Swan River, compiled from information derived 
from gut content, stable isotope (δ
15N and δ
13C) and fatty acid analyses. 
Prey items consumed by each of the three fish species located in centre 
circle, those consumed by two fish species located in circle between the 
two respective fish species, and those consumed by one fish species only 
located  in  circle  next  to  the  respective  fish  species.  The  three  most 
important prey items according to gut content analyses are listed for each 
fish species with their percentage contributions to the total gut contents 
(%). Prey items identified through stable isotope and fatty acid analysis 
are marked with a star. Dark stars = FA data; light stars = SI data, blue 
stars = L. wallacei; green stars = A. butcheri; yellow stars = P. olorum. 
Prey items: 1 = seagrass; 2 = chlorophytes; 3 = rhodophytes; 5 = angiosperms; 6 
=  cyanobacteria;  7  =  seston;  8  =  detritus;  9  =  microphytobenthos;  10  = 
polychaetes; 11 = bivalves; 12 = gastropods; 13 = calanoid/cyclopoid copepods; 
14 = harpacticoid copepods; 15 = amphipods; 16 = isopods; 17 = ostracods; 18 = 
zoëa; 19 = mysids; 20 = decapods; 21 = insect larvae; 22 = insects; 23 = rotifers; 
24 = fishlarvae. 
 
Figure 6.7  Food web of the Canning River, compiled from information derived from 
gut  content  and  stable  isotope  (δ
15N  and  δ
13C)  analyses.  Prey  items 
consumed by each of the three fish species located in centre circle, those 
consumed by two fish species located in circle between the two respective 
fish species, and those consumed by one fish species only located in circle 
next to the respective fish species. The three most important prey items 
according to gut content analyses are listed for each fish species with their 
percentage contributions to the total gut contents (%). Prey items identified 
through  stable  isotope  analysis  are  marked  with  a  star.  Blue  stars  =  L. 
wallacei; green stars = A. butcheri; yellow stars = F. punctatus. Prey items: 
1  =  seagrass;  2  =  chlorophytes;  3  =  rhodophytes;  5  =  angiosperms;  6  = 
cyanobacteria; 7 = seston; 8 = detritus; 9 = microphytobenthos; 10 = polychaetes; 
11  =  bivalves;  12  =  gastropods;  13  =  calanoid/cyclopoid  copepods;  14  = 
harpacticoid copepods; 15 = amphipods; 16 = isopods; 17 = ostracods; 18 = zoëa; 
19 = mysids; 20 = decapods; 21 = insect larvae; 22 = insects; 23 = rotifers; 24 = 
fishlarvae. 
 
Figure 6.8  Food web of the Wilson Inlet, compiled from information derived from gut 
content, stable isotope (δ
15N and δ
13C) and fatty acid analyses. Prey items 
consumed by each of the three fish species located in centre circle, those 
consumed by two fish species located in circle between the two respective 
fish species, and those consumed by one fish species only located in circle 
next to the respective fish species. The three most important prey items 
according to gut content analyses are listed for each fish species with their 
percentage contributions to the total gut contents (%). Prey items identified 
through stable isotope and fatty acid analysis are marked with a star. Dark 
stars = FA data; light stars = SI data, blue stars = L. wallacei; green stars = 
A.  butcheri;  yellow  stars  =  P.  olorum.  Prey  items:  1  =  seagrass;  2  = 
chlorophytes; 3 = rhodophytes; 5 = angiosperms; 6 = cyanobacteria; 7 = seston; 8 
=  detritus;  9  =  microphytobenthos;  10  =  polychaetes;  11  =  bivalves;  12  = 
gastropods; 13 = calanoid/cyclopoid copepods; 14 = harpacticoid copepods; 15 = 
amphipods; 16 = isopods; 17 = ostracods; 18 = zoëa; 19 = mysids; 20 = decapods; 
21  =  insect  larvae;  22  =  insects;  23  =  rotifers;  24  =  fishlarvae;  25  =  benthic 
diatoms; 26 = oligochaetes. 
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1.  General Introduction 
Estuaries are among the most important environments in the coastal zone and are 
characterised by hosting an abundance of benthic and pelagic flora and fauna (McLusky 
& Elliot 2004). They are highly vulnerable to anthropogenic stresses such as habitat loss 
due  to  catchment  modifications  and  increasing  nutrient  and  sewage  loads,  causing 
frequent  states  of  hypoxia  and  anoxia  (Kennish  2002).  Furthermore,  the  ecological 
health of estuarine ecosystems is compromised by naturally occurring stress such as 
climate  change,  causing  increases  in  salinity  in  many  systems  (Kennish  2002). 
Successful resource management requires a sound understanding of the structure and 
functioning of such valuable ecosystems. The approach adopted in this study focuses on 
the  nearshore  estuarine  fish  communities  and  the  factors  contributing  to  their  co-
existence in terms of resource partitioning. These studies of the trophic interactions of 
some abundant fish species provide a baseline for future studies in these impacted and 
changing ecosystems. 
Four  abundant  members  of  the  nearshore  fish  fauna  of  the  Swan-Canning 
estuary  and  Wilson  Inlet,  i.e.  Acanthopagrus  butcheri,  Leptatherina  wallacei, 
Pseudogobius  olorum  and  Favonigobius  punctatus,  were  chosen  as  case  studies  to 
investigate the sources and pathways of nutrient transfer between primary producers and 
consumers in these two important estuarine systems in south-western Australia, and the 
trophic  resource  partitioning  between  these  species.  These  species  were  selected 
because of their abundance in a number of different estuarine systems and because they 
rely to different extents on the benthic and pelagic components of the water column in 
estuaries. 
1.1  The estuarine ecosystem 
Estuaries connect rivers to the ocean and have been termed transitional waters 
(McLusky & Elliott 2007). They are highly dynamic ecosystems, claimed to be the most 
productive natural habitats in the world, and support a large biomass of fauna (Schelske 
& Odum 1961; Whittaker 1975; Mann 1982). An early definition of an estuary was 
given by Fairbridge (1980) as “an inlet of the sea reaching into a river valley as far as 
the upper limit of tidal rise, usually being divisible into three sectors: (a) a marine or Chapter I 
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lower estuary, in free connections with the open sea; (b) a middle estuary subject to 
strong salt and freshwater mixing; and (c) an upper or fluvial estuary, characterised by 
freshwater  but  subject  to  strong  tidal  action.  The  limits  between  these  sectors  are 
variable and subject to constant changes in the river discharges”. This superseded the 
definition by Pritchard (1967) which stated: “an estuary is a semi-enclosed coastal body 
of water, which has a free connection with the open sea, and within which sea water is 
measurably diluted with fresh water derived from land drainage”. 
Estuaries  experience  a  large  variety  of  physico-chemical  gradients  on  various 
temporal  and spatial  scales. They  are important habitats  for a wide range of fauna, 
which either utilise the estuary during particular life-history stages or throughout the 
whole life cycle (Potter et al. 1990; Beck et al. 2001). Humans have been attracted to 
estuaries for centuries, either for urban settlement or for recreational and economic use, 
such as commercial and recreational fishing (Pollard 1981; Costa et al. 2002; Fletcher 
& Santoro 2009). Today, many estuaries are highly modified systems, both in terms of 
the physical (structural) and hydrological environment. Catchments are often largely 
cleared of native vegetation to allow farming, tributary rivers are dammed, entrance 
channels are regularly deepened to allow shipping of ever larger cargo ships and banks 
are fortified to combat erosion. The increasing nutrient loads on these systems, mainly 
due to waste water and fertilisers, cause frequent algal blooms, which may result in 
anoxic conditions and health impacts to the bottom dwelling fauna (Baden et al. 1990; 
McComb  &  Davis  1993;  Wu  2002).  These  benthic,  epibenthic  and  macrobenthic 
invertebrates,  which  live  in  nutrient-rich  estuarine  mud,  are  the  food  of  other 
invertebrates or fish, and these, in turn, may be consumed by other fish, birds, cetaceans 
or humans. Disturbances in the sediment and the overlying water column of estuarine 
systems  can  therefore  seriously  impact  the  health  of  members  of  the  food  chains 
occupying  estuaries.  In  addition  to  estuaries  providing  such  sheltered  environments, 
they act as sediment and contaminant traps. These factors have important implications 
for  the  management  of  these  systems  (McLusky  &  Elliot  2004).  Understanding  the 
structure and functioning of estuaries is of great interest to humankind. To be able to Chapter I 
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manage them sustainably, we need to fully comprehend the way these highly valuable 
aquatic ecosystems operate. 
The ichthyofaunas of estuaries have been studied extensively all around the world 
(Haedrich  1983;  Bennett  1989a;  Loneragan  et  al.  1989;  Sedberry  &  Carter  1993; 
Pollard 1994; Potter & Hyndes 1999; Wagner & Austin 1999; Thiel & Potter 2001; 
Jung & Houde 2003; Thiel et al. 2003; Chuwen et al. 2009a; Hoeksema et al. 2009). 
Estuaries  in  temperate  regions  of  both  the  northern  and  southern  hemispheres,  and 
especially their nearshore shallow waters, constitute important nursery areas for marine 
fish species (Pollard 1976; Haedrich 1983; Blaber 1985; Potter et al. 1990). Shelter is 
provided by macrophytes and turbid waters, and the abundance of large piscivorous 
predators is lower than in their natal marine environment, which reduces the potential of 
predation on these rapidly growing juveniles. These species have been termed marine-
estuarine opportunists, while species which enter estuaries irregularly and usually in 
small numbers have been termed marine stragglers (Lenanton & Potter 1987; Potter et 
al.  1990;  Potter  &  Hyndes  1999;  Elliott  et  al.  2007).  In  temperate  regions  of  the 
northern hemisphere, relatively few species complete their lifecycles in the estuaries, 
presumably reflecting the fact that the environment is harsh due to large tidal water 
movements  and  marked  changes  in  salinity  (tidally  and  seasonally)  and  therefore 
spawning,  egg  development  and  the  larval  stage  would  be  more  difficult  (Haedrich 
1983; Dando 1984). 
A contrasting situation exists in temperate estuaries in the southern hemisphere, 
such  as  in  south-western  Australia  and  South  Africa.  Some  species,  such  as  many 
members of the Atherinidae and Gobiidae, which are represented by small, short-lived 
species, are able to complete their lifecycles in estuaries and attain very high densities 
(Prince et al. 1982; Potter et al. 1983; Loneragan et al. 1989; Potter et al. 1990; Potter 
& Hyndes 1999). Some of these species (which are also abundant in coastal lagoons in 
the  northern  hemisphere  (Rebelo  1992  and  references  therein),  also  form  discrete 
populations  in  sheltered  marine  waters  (Watts  1991;  Ayvazian  et  al.  1994).  These 
species  have  been  termed  solely  estuarine  or  estuarine  and  marine,  respectively. 
Freshwater species are found in estuaries only when salinities decline to very low levels Chapter I 
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due to heavy freshwater discharge. Since most teleost fish are stenohaline, they exhibit a 
limited  ability  to  move  between  fresh-  and  saltwater  due  to  their  adaptation  to 
osmoregulate within either ecosystem  (Schmidt-Nielsen 1997). Estuaries also enable 
diadromous fish species, which at different stages of their lifecycle depend on either 
fresh- or marine waters, to migrate between those (McDowall 1988). They are termed 
anadromous (such as lampreys and clupeids, e.g. Nematolosa vlaminghi), catadromous 
(such  as  eels)  or  amphidromous  (galaxiids),  and  have  the  ability  to  shift  their 
osmoregulating regime (Schmidt-Nielsen 1997). 
The  estuaries  of  temperate  western  Australia  are  concentrated  around  Cape 
Leeuwin, within a radius of ca 400 km (Potter et al. 1990). They typically comprise a 
narrow entrance channel, large basin(s) and the saline reaches of their tributary rivers 
(Stephens & Imberger 1996; Hodgkin & Hesp 1998). In this region of Australia, the 
tides are microtidal (< 1 m) and the entrance channels of these systems are narrow or 
seasonally  closed,  and  the  tidal  exchange  of  water  is  generally  restricted.  These 
microtidal  estuaries  can  be  classified  according  to  the  extent  of  exchange  between 
riverine and oceanic waters and their bar-opening regime, which is influenced by the 
highly seasonal rainfall in both winter and spring and hot summer months with high 
evaporation, essentially a Mediterranean climate (Hope et al. 2006). 
In south-western Australia, estuaries are classified into either permanently open, 
intermittently (seasonally) open or permanently closed (Hodgkin & Hesp 1998; Potter 
& Hyndes 1999). Permanently open systems are located predominantly on the west 
coast, north of Cape Leeuwin, while the majority of seasonally-open estuaries lie on the 
southern  coast  east  of  the  cape  (Potter  et  al.  1990).  The  mouths  of  these  estuaries 
receive  considerable  wave  action,  and  the  resultant  longshore  drift  transports  sand 
onshore and deposits it at the mouth of the estuary, forming a sand bar (Whitfield 1992; 
Chuwen et al. 2009a; Chuwen et al. 2009b). The state of the opening in the estuary 
affects  the  extent  of  influence  of  marine  and  terrestrial  derived  waters,  and  marine 
influences are less in systems that close for some period of time. Those systems that 
close  for  very  extended  periods  of  time  can  become  hypersaline  (Hodgkin  &  Hesp 
1998). Chapter I 
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1.2  Trophic interactions in estuaries 
Estuaries  play  an  important  role  as  feeding  areas  for  fishes  and  other 
commercially  exploited  shellfish  (Haedrich  1983).  To  understand  the  structure  and 
functioning of an estuarine ecosystem, it is important to describe the trophic interactions 
between species in the food chains and to quantify these interactions where possible. 
This entails describing the interactions between fishes in their juvenile and adult stages, 
and  furthermore  between  fishes  and  other  top  predators  (i.e.  birds,  cetaceans  and 
humans)  and  fishes  and  the  lower  level  food  web  components  (i.e.  macro-  and 
microcrustaceans, hyperbenthos, molluscs) (Elliott et al. 2002). This approach enables 
the significance of bottom-up and top-down processes to the fish within estuaries to be 
investigated. 
Feeding  is  controlled  by  environmental  (abiotic,  extrinsic,  e.g.  salinity, 
temperature,  turbidity  and  dissolved  oxygen)  and  biological  (biotic,  intrinsic,  e.g. 
habitat structure and complexity, species composition) factors. Salinity, temperature and 
turbidity have been shown to be most influential in structuring species composition and 
diversity in temperate estuaries on a seasonal or inter-annual scale (Akin et al. 2003; 
Garcia  et  al.  2003).  Prey  availability  (condition  and  abundance)  and  competition, 
occurring both  intra- and interspecific,  and between  fishes  and other  predators, and 
predation by fish on the prey and other predators (such as humans) preying on fish, are 
additionally controlling feeding. Therefore, bottom-up processes in an estuary can be 
defined as the ecosystem producing a habitat, which produces the prey, which then is 
eaten by the predators, who in turn are limited by the prey abundance (Elliott et al. 
2002). Top-down processes are higher order consumers (predators such as  humans) 
competing for prey and the fish reducing prey abundances (Jackson et al. 2001).  
Estuaries are highly productive ecosystems, mainly due to the presence of large 
amounts  of  detritus,  which  originates  from  allochthonous  (i.e.  tributary  river  runoff 
containing vegetation, upstream organic inputs such as industrial or municipal sewage, 
terriginous wind-blown material, sea-borne input, atmospheric deposition, guano) and 
autochthonous  (i.e.  mangroves,  reed  beds,  saltmarsh  vegetation,  microphytobenthos, 
seagrass, phytoplankton and macroalgae) sources (Canuel et al. 1995; Wainright et al. Chapter I 
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1998; Castro & Driscoll 2002; Gillanders & Kingsford 2002; McLusky & Elliot 2004; 
Gao et al. 2007; Gillanders 2007). Marine contributions to organic material enter the 
estuary on the incoming tides and via advection. The input of organic material into an 
estuary can vary spatially along a salinity gradient, for example marine algae will be 
present near the mouth of an estuary, while terrestrially derived plant material will be 
more  abundant  in  the  upper  reaches  of  the  system.  Furthermore,  the  abundance  of 
organic  material  can  vary  on  short  time  scales  (depending  on  tidal  resuspension  or 
advection), as well as seasonally, annually and on geological time-scales (Canuel et al. 
1995). 
Microphytobenthos consists of unicellular algae (Chlorophyceae, Dinophyceae, 
Bacillariophyceae) and Cyanobacteria, which adhere to the sediment surface in euphotic 
zones. Detritus can be defined as biogenic material (e.g. phytoplankton, macroalgae, 
fringing terrestrial vegetation, littoral plants such as Juncus (rushes) or Agonis (myrtle), 
but  also  decaying  animals  and  their  faeces),  in  various  stages  of  microbial 
decomposition,  which  represents  a  potential  energy  source  for  consumer  species 
(McLusky & Elliot 2004). It provides a rich and abundant food source year round in 
estuaries in both the northern and southern hemispheres (Blaber 1985; Whitfield 1988; 
Day et al. 1989). 
The detritus mainly comprises plant fragments, which are colonised by bacteria 
and other micro-organisms,  who decompose the organic material. Bacteria, together 
with phytoplankton and benthic microalgae, form particulate organic matter (POM), the 
food of primary consumers (McLusky & Elliot 2004). Plant matter is not of great direct 
nutritional value to consumers unless bacterial/microbial digestion has taken place to 
break the material into detrital fragments with increased protein content. The bacteria 
deliver  protein  nitrogen,  fatty  acids  and  vitamins,  while  the  detritus  constitutes  the 
carbon source (McLusky & Elliot 2004). This food is mainly consumed by bottom-
dwelling  animals,  such  as  benthic  macroinvertebrates  and  detritivorous  fish  species 
(Whitfield  1989;  Elliott  et  al.  2002;  McLusky  &  Elliot  2004).  Benthic 
macroinvertebrates may be divided into deposit- and suspension- (filter-) feeders such 
as  bivalves  and  polychaetes,  respectively,  while  some  animals  can  feed  using  both Chapter I 
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methods, e.g. the Baltic tellin Macoma balthica, which uses its inhalant siphon to either 
draw  in  particulate  matter  from  the  water  column  or  “vacuum”  particles  from  the 
surface of the surrounding mud. Alternatively, they can be divided into infauna and 
epifauna. The benthic macroinvertebrate fauna in estuaries is typically less diverse than 
that of coastal marine waters (Gilberto et al. 2004). This has been shown for some 
estuarine systems in south-western Australia and their adjacent coastal marine waters 
such  as  Wilson  Inlet  (Platell  &  Potter  1996)  and  the  Swan-Canning  Estuary 
(Kanandjembo et al. 2001; Wildsmith et al. 2005). The abundance of food resources, in 
particular detritus and benthic macroinvertebrates, constitutes the basis for fish species 
attaining large numbers in estuaries (Schelske & Odum 1961; Whittaker 1975; Mann 
1982).  Mobile  hyperbenthos,  including  groups  such  as  Mysidacea,  Amphipoda, 
Cumacea, Isopoda, Pycnogonida and Chaetognatha, are the dominant link in benthic-
pelagic coupling of food transfer. These differ from the epibenthos by displaying high 
motility and migrating from the sediment surface into the overlaying water column for 
varying amounts of time (Mees & Jones 1997).  
When  studying  the  feeding  ecology  of  fish,  researchers  have  investigated  the 
various habitats within an ecosystem that the fish feed in and have assigned species to 
certain feeding guilds A feeding guild contains fish species with the same preferential 
feeding mode (e.g. de Sylva 1975). The classification of fish into feeding guilds can be 
applied to assess the structure and functioning of estuarine fish communities. Estuarine 
feeding guilds have been categorised as phytoplanktonic, zooplanktonic, herbivorous, 
carnivorous, detritivores (or iliophagous, i.e. ingesting the sediments) and scavengers, 
benthophagous  (utilising  infauna  or  sessile  epifauna),  demersal  feeders  (mobile 
epifauna), piscivorous or parasites (e.g. Costa & Elliott 1991; Elliott & Dewailly 1995; 
Hosten & Mees 1999; Baldo & Drake 2002; Cartes et al. 2002; Zambrano et al. 2006; 
Abdurahiman et al. 2010). Many fish species in estuaries belong to a combination of 
feeding guilds, as they are mainly generalist or opportunist feeders (Elliott et al. 2007). Chapter I 
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1.3  Resource partitioning and the minimisation of competition  
Competition between individuals occurs where there is limited supply of at least 
one resource such as food, water or habitat (e.g. Hopf et al. 1993; Begon et al. 1996; 
Levine & HilleRisLambers 2009; Violle et al. 2010), and has been shown to occur 
between populations of estuarine fishes in regards to their food resources in laboratory 
experiments (Nakayama & Fuiman 2010) and in the field (Prince et al. 1982; Thorman 
1983; Humphries & Potter 1993). 
Competition can affect the growth, survival and/or reproduction of at least one of 
the  competing  individuals  and  therefore  is  an  important  mechanism  in  structuring 
communities (Nilsson & Gårdmark 2001; Gröning & Hochkirch 2008; Mangal et al. 
2010). Competition can occur between individuals of the same species (intra-specific) 
or  between  species  (inter-specific).  Intra-specific  competition  is  density  dependant, 
which means that at high densities in the population, a smaller proportion of a limited 
resource will be available for the individual, which results in limited population growth, 
higher mortality rates and decreasing birth rates (e.g. Parra et al. 2010). Inter-specific 
competition occurs where two or more species within a community depend on the same 
limited resource. Inter-specific competition can take on two mechanisms, both of which 
can occur simultaneously. Interference competition is a direct interaction, where the 
access to a resource is unequal between competitors, with the dominant species actively 
excluding  the  other  species  from  accessing  the  resource  (Begon  et  al.  1996). 
Exploitation competition is an indirect interaction, where the availability to a resource is 
reduced by its consumption by the competitor without direct interaction of the species 
(Begon et al. 1996). 
When competition is occurring, there are four possible outcomes. The clearest 
outcome is a competitive exclusion, where at least one species becomes locally extinct. 
Competition may also result in a reduction in population size of at least one species, co-
existence of two species resulting in niche differentiation or neither species dominating 
over the other. The local extinction of a species has been termed competitive exclusion 
principle, a theory developed by  Lotka and Volterra in 1925. It was later tested by 
Gause and formulated into “Gause’s Principle”, which states that two species using the Chapter I 
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same resources cannot stably co-exist (Gause 1934). One species would dominate over 
the  other  when  accessing  the  resource,  resulting  in  enhanced  reproduction  of  that 
species and the extinction of the inferior species. In other words, when two species 
compete for the same resources and therefore occupy the same ecological niche, once 
species will dominant over the other, causing it to become extinct. 
An ecological niche is defined as the n-dimensional space, composed of all biotic 
and  abiotic  resources  of  a  habitat,  in  which  an  organism  can  live  and  reproduce 
(Hutchinson 1957). Two species cannot stably co-exist if their ecological niches do not 
differ in at least one dimension. Therefore, in an evolutionary sense, competing species 
have  had  to  share  the  limited  resources  available  in  a  given  ecosystem  and  have 
developed  mechanisms  to  minimise  competition  by,  for  example,  specialisation  and 
niche differentiation (Roughgarden 1976; Ross 1986). 
This study investigates trophic niches, as one dimension of a species’ ecological 
niche,  to  explain  how  resources  are  partitioned  within  abundant  members  of  the 
nearshore fish fauna in two important estuarine ecosystems on the south-west coast of 
Western Australia. 
1.4  Sparidae, Atherinidae, Gobiidae 
The Sparidae, which are a predominantly marine family, are found in the Indian, 
Pacific and Atlantic oceans (Nelson 1994). Some species utilise estuaries as nursery 
areas  (Whitfield  1998;  Potter  &  Hyndes  1999).  They  contain  many  species  of 
recreational  and/or  commercial  value  and  some  that  are  farmed  in  aquaculture 
(Foscarini 1988; Ingram et al. 2002). Their diet typically comprises a wide range of 
benthic  macroinvertebrates,  teleosts  and  plant  material  (Blaber  1974;  Blaber  1984; 
Havelange et al. 1997; Nasir 2000; Sarre et al. 2000; Mariani et al. 2002; Tancioni et al. 
2003;  Canto-Maza  &  Vega-Cendejas  2008;  Fehri-Bedoui  et  al.  2009).  The  dietary 
composition of sparids has been shown to vary significantly with geographic location 
(Sarre et al. 2000; Mariani et al. 2002; Tancioni et al. 2003), showing that the members 
of this family are opportunistic feeders. The opportunistic feeding mode of sparids is 
facilitated by their large mouth gape and the possession of both molariform and canine 
teeth (Linde et al. 2004). Chapter I 
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The black bream, Acanthopagrus butcheri (Munro), which is amongst the most 
important  commercial  and  recreational  fish  species  in  southern  Australian  estuaries 
(Lenanton & Potter 1987), typically remains in its natal estuary throughout its lifetime 
(Chaplin  et  al.  1998).  This  species  is  therefore  susceptible  to  the  prevailing 
environmental conditions within their natal estuaries, and, while they can tolerate a wide 
range in salinities, it has been shown that survival of their larvae is greatly reduced in 
hypoxic conditions (Hassell et al. 2008). In the Swan-Canning estuary, this sparid can 
live to up to 20 years and attain sizes of up to 480 mm (Sarre & Potter 2000). The eggs 
and larvae of A. butcheri are benthic or demersal and spawning takes place between 
October and January, with a peak in November, a time of low river flow. The time of 
spawning and the possession of demersal egg and larval stages reduces the likelihood 
that these life history stages will be flushed out of the system. Previous studies of the 
diet of A. butcheri in eight water bodies in south-western Australia have shown that it 
consists, to a large extent, of either bivalve molluscs (Swan and Moore River estuaries), 
macrophytes  (Nornalup/Walpole  and  Wellstead  estuaries,  Stokes,  Culham  and 
Hamersley  inlets)  or  polychaetes  (Lake  Clifton)  (Thomson  1957;  Sarre  et  al.  2000; 
Chuwen et al. 2007). 
The Atherinidae, called silversides in the northern hemisphere and hardyheads in 
the southern hemisphere, occur in tropical or temperate marine and estuarine waters 
worldwide (Gomon et al. 2008). They are pelagic species, forming large schools in 
calm, shallow inshore waters < 2 m deep, therefore forming an important component of 
the nearshore fish fauna of many aquatic ecosystems (Prince et al. 1982; Hoeksema et 
al. 2009). Typically, they have a one-year life-cycle and reach maturity at 40 - 85 mm 
total length  (Prince & Potter 1983). The Atlantic silverside Menidia menidia spawns in 
spring and summer and eggs are deposited on the substratum at the base of aquatic 
plants  or  in  crab  burrows  (Middaugh  1981).  Atherinids  are  often  used  as  bait  by 
recreational fishers and have little commercial value (Gomon et al. 2008). They are 
known  to  feed  either  in  the  water  column  or  demersally  on  zooplankton,  benthic 
macroinvertebrates and algae (Wallace 1976; Turnpenny et al. 1981; Prince et al. 1982), 
and  the  diet  of,  for  example,  Atherinosoma  microstoma  has  been  shown  to  vary 
seasonally due to the ingestion of a greater volume of amphipods during autumn and Chapter I 
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winter (Becker & Laurenson 2007). Leptatherina wallacei, the Swan-Avon hardyhead, 
is found in the upper estuarine reaches of inlets, coastal lakes and rivers and is termed 
an estuarine species (Prince et al. 1982; Gomon et al. 2008). In the Swan-Canning 
estuary, Leptatherina wallacei lives for one year and spawns in spring and summer over 
a protracted period (Prince & Potter 1983). Sexual maturity was observed in females at 
a mean length of ca 55 mm, while in males the mean length was significantly shorter at 
ca  45 mm  (Prince  &  Potter  1983).  This  species  possesses  a  relatively  large  mouth, 
which is slightly protrusible. The diet of L. wallacei in the Upper Swan River consists 
of planktonic crustaceans, flying insects, polychaetes and unicellular algae (Prince et al. 
1982). Prince et al. (1982) studied five co-occurring species of Atherinid in the Swan-
Canning estuary and showed that, when two atherinid species were present in the same 
catch, they partitioned their food resources by feeding on different volumes of their 
usual prey items than when they occurred on their own. 
The Gobiidae are primarily small fishes, found in tropical and temperate regions 
worldwide, mainly in shallow coastal waters, but are also found to a depth of 800 m 
(Gomon et al. 2008). In Australian waters they are mainly found living on sandy or 
muddy bottoms in estuaries, the lower reaches of rivers and coastal bays, and prey on 
small invertebrates  (Gomon  et  al. 2008). The  goby  Pseudogobius olorum occurs in 
estuaries, rivers and lakes throughout tropical and temperate Australia, where it reaches 
maximum lengths of < 60 mm (Halse 1981; Last et al. 1983). In the Swan-Canning 
estuary, Pseudogobius olorum is classified as an estuarine species (Potter & Hyndes 
1999), which exhibits biannual spawning in spring and autumn (Gill et al. 1996). The 
majority of fish die after spawning, while only a few survive to spawn a second time. 
Large mature males are thought to guard the eggs in burrows or around rocks, as they 
were not captured in seine nets by Gill et al. (1996). The diet of Pseudogobius olorum 
in two estuarine systems on the east coast of Australia, and in the Upper Swan estuary, 
consisted of detritus, crustaceans, zooplankton, insects, plant material, algae and mats of 
bacteria and fungi (Gill & Potter 1993; Mazumder et al. 2006; Becker & Laurenson 
2007).  When  co-occurring  in  the  same  estuary,  different  species  of  goby  tend  to 
partition the estuary spatially, and two species (P. olorum and Favonigobius lateralis) Chapter I 
12 
also partition their food resources by feeding on different suites of prey (Gill & Potter 
1993). 
The goby Favonigobius punctatus is classified as an estuarine species, endemic to 
the Upper and Middle Swan estuary (Gill & Miller 1990; Gill & Potter 1993; Gill 1996; 
Potter & Hyndes 1999), which exhibits a protracted spawning period, peaking in late 
spring to early summer (Neira et al. 1992). The diet of F. punctatus mainly consisted of  
polychaetes and amphipods (Gill 1996). 
The  investigation  of  a  detritivorous  species,  such  as  the  marine-estuarine 
opportunist  Mugil  cephalus,  would  have  advanced  our  understanding  of  the  fate  of 
abundant detritus in estuarine ecosystems, but this species was not able to be caught 
reliably in each sampling season and could therefore not be included. 
1.5  Methods of investigating food webs, resource partitioning and trophic flows 
1.5.1  Gut contents 
Gut content analyses has been a standard method in fish and large crustacean 
ecology for decades (e.g. Hynes 1950; Hyslop 1980; de Lestang et al. 2000). To collect 
samples,  researchers  either  have  to  catch  and  kill  the  fish  and  dissect  out  the 
stomach/whole intestine, or use less invasive methods such as gut flushing (Strange & 
Kennedy  1981),  and  directly  observe,  identify  and  quantify  (volumetrically  or 
gravimetrically) the gut contents under a dissecting microscope. This method can be 
used to investigate the influence of a variety of factors, such as time of day, season and 
year (temporal), fish size (ontogenetic) and location of capture (habitat, system), on the 
gut contents (Linke et al. 2001; Platell & Potter 2001; Akin & Winemiller 2006; Platell 
et  al.  2006;  Nanjo  et  al.  2008;  Pasquaud  et  al.  2010).  The  advantages  of  stomach 
content analyses are that the method is economical and allows identification of prey 
items to species level for intact, undigested prey, depending on the experience of the 
observer. The disadvantages associated with this method are that (1) it is invasive, either 
by pumping the gut empty or killing the fish and a large sample size is required due to 
the frequent occurrence of empty guts, (2) it only allows the construction of the fish 
(and large crustacean) component of food webs, as it is not feasible for small organisms, 
(3) it is based on only the most recent meals of a fish and, (4) depending on the gut Chapter I 
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region  that  is  examined,  i.e.  either  foregut  or  hindgut,  the  variable  digestion  and 
assimilation of different dietary items makes it difficult to assess the importance of any 
particular item (Michener & Schell 1994; Pinnegar & Polunin 1999; Pasquaud et al. 
2007). Moreover, it does not provide precise data for detrital organic material or other 
food  that  is  fine,  particulate  or  easily  broken  down  (Pasquaud  et  al.  2007).  To 
complement the results from gut content analyses, and to understand assimilation and 
the  pathways  of  nutrient  transfer,  workers  are  increasingly  employing  other 
complementary methods such as stable isotope analysis of carbon and nitrogen and fatty 
acid composition (Peters et al. 2004; Alfaro et al. 2006; Laakmann et al. 2009; Abrantes 
& Sheaves 2010; Prado et al. 2010). 
1.5.2  Stable isotopes of carbon and nitrogen 
Food  web  studies  are  increasingly  making  use  of  the  application  of  trophic 
markers. Ideally, a trophic marker is an inert compound, which can easily be traced to 
its origin (be taxon- or species-specific), is incorporated into consumer tissue in a non-
selective food intake process and is metabolically stable, i.e. it is transferred unaltered 
from one trophic level to the next (Dalsgaard et al. 2003 and references therein). The 
pathways of energy flow in an ecosystem could be elucidated by tracing such a marker 
from one trophic level to the next. In the absence of such ”perfect” trophic markers, 
researchers have taken the next good approach and are increasingly employing stable 
isotope and fatty acid analyses to identify and quantify trophic pathways. 
The analysis of stable isotope ratios of carbon and nitrogen has been employed 
widely to investigate trophic relationships between flora and fauna in a given ecosystem 
(e.g. Fry 1988; Guest et al. 2004). Stable isotope analysis assumes that the isotopic 
values of food sources are reflected in the consumer tissue in a predictable way (Ostrom 
et al. 1997) and are proportionate to the amount assimilated for each prey item and after 
accounting for isotopic fractionation (Phillips & Gregg 2001). In physical, chemical and 
biological processes (which occur during digestion and assimilation), such as elemental 
bonding,  diffusion  and  enzyme  activity,  heavier  isotopes  are  discriminated  against 
lighter isotopes. They form stronger bonds, diffuse more slowly and are less likely to be 
digested by enzymes such as aminotransferases than lighter isotopes (DeNiro & Epstein 
1978; DeNiro & Epstein 1981; Macko et al. 1987). The above processes lead to the Chapter I 
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accumulation  of  heavy  isotopes  in  a  consumer  species  (Minagawa  &  Wada  1984; 
Michener  &  Schell  1994).  The  ratio  between  heavy  and  light  isotope  can  then  be 
determined on an isotope-ratio mass-spectrometer and reported in the δ notation, which 
accentuates  very  small  differences  in  isotopic  signature.  Fast  metabolically  active 
tissues, like blood plasma and liver, show changes in isotopic ratios due to changes in 
diet within hours. Intermediate tissues, such as the white muscle tissue of fish, reveal 
changes in diet over the past few weeks to months, while slow, long-lived tissues, such 
as bone collagen, will incorporate changes in diet over the whole lifespan of the animal 
(Tieszen et al. 1983). 
The use of the stable isotope ratio of 
15N/
14N as  an indicator of feeding  at  a 
specific trophic level is based on the observation that there is a stepwise enrichment of 
ca 3.4 ‰ with trophic level in marine systems (DeNiro & Epstein 1981, Minagawa & 
Wada 1984, Peterson et al 1985, Peterson 1999). A baseline for primary producers (the 
average value of all primary producers in this study) has to be defined to be able to 
calculate the trophic level of a consumer relative to this baseline, as the 
15N/
14N ratio 
can vary between habitats within a system, between systems and on a temporal scale, 
e.g. between seasons (Vander Zanden et al. 1997; Vander Zanden & Rasmussen 1999).  
In contrast to nitrogen, the stable isotope ratio of 
13C/
12C is not a good indicator of 
trophic level, as the consumer is only slightly enriched (ca 1‰) for each trophic step 
(Peterson & Fry 1987). However, the stable isotope ratio of 
13C/
12C can provide an 
indicator  of  carbon  source,  enabling,  for  example,  the  discrimination  of  benthic 
(enriched due to  its  detrital  origin)  versus pelagic (depleted)  and inshore (enriched) 
versus offshore (depleted) carbon sources (Hobson et al. 1994). Stable isotope ratio 
analysis  complements  the  traditional  methods  of  gut  content  analysis  and  feeding 
observations.  It  has  the major advantage over  gut  content  analysis that  it integrates 
dietary information over an indefinite amount of time and provides an indication of the 
sources of material that have been assimilated (Paterson & Whitfield 1997; Peterson 
1999; Hoffman et al. 2008). However, the interpretation of stable isotope data can be 
challenging without complementary information (Stuart et al. 2004). 
Stable  isotope  analyses,  like  gut  content  analyses,  have  constraints  on  their 
interpretation  and applicability  (Michener  & Schell 1994;  Gannes et al.  1997). The Chapter I 
15 
number of samples has to be restricted due to the costly analyses. When interpreting the 
results from stable isotope analyses, workers assume that the isotopic values measured 
in consumer tissues, which are the average of the isotopic composition of the various 
components of the diet, are passed on from producers in a predictable way (Ostrom et 
al. 1997). This is not always true, as the isotopic fractionation and nutrient uptake into 
and the turnover rates of the various tissues in an organism can differ (Tieszen et al. 
1983; Gannes et al. 1998; Kurle & Worthy 2002; Perga & Gerdeaux 2005; Sweeting et 
al. 2005). Furthermore, the volumetric contributions of each dietary item contributing to 
the mixed signal in consumers are not known. To address this problem, linear mixing 
models,  based  on  mass  balance  equations  with  unique  solutions,  have  been  used 
increasingly to calculate the proportional contributions of different prey items to the diet 
of a species, when n isotope system tracers are used to solve for n + 1 sources (Phillips 
& Gregg 2003). Often the number of potential sources (prey items) exceeds n + 1, 
preventing the discovery of a unique solution. To overcome this problem, workers have 
employed  mixing  models  such  as  IsoSource  (Phillips  &  Gregg  2003) 
(http://www.epa.gov/wed/pages/models.htm) to determine the upper and lower bounds 
of percentage contributions of different sources and present a range of feasible source 
contributions. 
1.5.3  Lipids and their fatty acid components as trophic markers 
Lipids  are  a  group  of  structurally  very  diverse  organic  compounds, 
characteristically soluble in organic solvents, and can fulfill numerous metabolic tasks. 
They  play  an  important  role  in  the  physiology  and  reproductive  success  of  marine 
animals (Virtue et al. 2000; Berg et al. 2002; Bouriga et al. 2011), and also mirror the 
marine  environment  in  terms  of  biochemical  and  ecological  conditions.  Lipid 
biochemistry  is  of  great  interest  because  of  the  nutritional  and  health  value  of 
polyunsaturated fatty acids to humans (Holman 1998; Tocher 2003; Bergé & Barnathan 
2005). 
 Lipids can be divided into two groups, polar and neutral lipids, which both 
contain fatty acids as their main components. Polar lipids, such as glyco-, phospholipids 
and  cholesterol,  are  key  components  of  bio-membranes,  ensuring  their  fluidity  and 
making them selectively permeable for certain molecules, due to their amphipatic nature Chapter I 
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(Bell et al. 1986). However, due to their structural integrity, the fatty acid composition 
of bio-membranes is generally conservative (Falk-Petersen et al. 2000).  
Neutral  lipids,  such  as  triacylglycerols  and  wax  esters,  function  as  metabolic 
energy reserves. The fatty acid composition of neutral lipids is less conservative than that 
of polar lipids, as some fatty acids, i.e. essential fatty acids (Burr et al. 1932; Holman 
1998),  are  produced,  with  few  exceptions  of  invertebrates  and  protozoans  (Gurr  & 
Harwood 1991; Cook 1996; Pond et al. 1997) only by plants and have to be taken up with 
the diet of an animal, changing the fatty acid composition of consumers on varying time 
scales. Animals cannot synthesise essential fatty acids de novo (Sargent & Whittle 1981). 
In general, essential fatty acids are the long-chain, polyunsaturated fatty acids, e.g. the 
PUFAs 20:5(n-3) and 22:6(n-3). 
Apart  from  playing  an  important  role  in  maintaining  membrane  fluidity, 
essential fatty acids also act as precursors for biologically active compounds such as 
eicosanoids (Harrison 1990), which participate in hormonal regulations in, for example, 
marine invertebrates (Rowley et al. 2005) and also humans (Berg et al. 2002). 
The application of fatty acids as trophic markers is widely accepted (Lee et al. 
1971; Sargent & Falk-Petersen 1981; Graeve et al. 1994a; Iverson et al. 2004), and has 
been reviewed recently (Dalsgaard et al. 2003; Bergé & Barnathan 2005; Lee et al. 
2006). The concept of using fatty acids as trophic markers (FATM) was derived from 
the observation that marine primary producers lay down fatty acid patterns de novo, 
which may be conservatively transferred to primary consumers and can therefore be 
recognised in them, providing information on predator-prey relationships (Dalsgaard et 
al.  2003).  This  theory  has  been shown to  work well for lower  (Fraser et  al. 1989; 
Graeve et al. 1994b) and higher (Iverson 1993; Kirsch et al. 1998; Kirsch et al. 2000) 
order consumers. For example, Crawley et al. (2009) found that fatty acids were able to 
identify brown algae as the source of nutrition for an amphipod and fish, while stable 
isotope analyses using δ
15N and δ
13C was not able to distinguish among the potential 
contributions of red, green and brown algae.  
Primary  producers  are  the  main  source  of  polyunsaturated  fatty  acids  such  as 
18:2(n-6) and 18:3(n-3) and their derivates 20:5(n-3) and 22:6(n-3) (Bergé & Barnathan 
2005). Similarly, as with stable isotope analyses, fatty acids provide information on the Chapter I 
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food intake (and formation of lipid reserves) over a longer period of time than gut content 
analyses (St. John & Lund 1996; Kirsch et al. 1998; Auel et al. 2002). The constraints 
associated with the use of fatty acids are that (1) there are no fatty acids which are unique 
to an organism and (2) the stability of the fatty acids depend on the organisms’ metabolic 
strategy and condition (Dalsgaard et al. 2003). On a temporal scale, fatty acid metabolism 
often  depends  on  the  reproductive  status  and  condition  of  an  organism  and  can  be 
species-specific (St. John & Lund 1996; Kirsch et al. 1998). So far, fatty acids have been 
used mainly as a qualitative food web marker and using them to quantify the contribution 
of different sources to the food web remains difficult, but has been attempted in studies 
employing  additional  dietary  techniques  such  as  stable  isotopes  (Kharlamenko  et  al. 
2001).  The  combination  of  fatty  acids  with  stable  isotopes  in  this  case  yielded 
information on the major sources of organic matter contributing to the diet of marine 
benthic macroinvertebrates. 
Fatty acid biomarkers have been identified mainly for marine primary producers. 
For  example,  16:1(n-7)  and  20:5(n-3)  are  typical  for  diatoms  (Nichols  et  al.  1993; 
Dunstan et al. 1994), while the PUFAs 18:4(n-3) and 22:6(n-3) are generally produced 
by dinoflagellates (Graeve et al. 1994a; Graeve et al. 1994b). A marker often used to 
discern carnivorous feeding is oleic acid 18:1(n-9), which is accumulated in consumers 
(Graeve et al. 1997; Falk-Petersen et al. 1999). Studies on fish and seabirds have shown 
that the contribution of 20:4(n-6) can be used to indicate feeding on demersal prey 
(Kuusipalo & Käkelä 2000; Käkelä et al. 2005).  
1.6  Objectives 
The overall objective of this study was to investigate, thoroughly, the flexibility of 
trophic niches of abundant members of the nearshore fish fauna of the permanently-
open Swan-Canning estuary and the seasonally-open Wilson Inlet, and to elucidate the 
sources of nutrients in their diets and the pathways of material transfer from primary 
producers to teleost consumers. The results provide new information on the use of food 
resources by the selected abundant fish species in these estuaries, indicating respective 
niche  specialisation  and  differentiation.  These  mechanisms  and  processes  were 
investigated by employing a variety of techniques, including gut content analysis and Chapter I 
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the trophic markers of stable isotopes and fatty acids. The permanently-open Swan-
Canning estuary and the seasonally-open Wilson Inlet were chosen for study to test 
whether the trophic pathways and primary sources of food were affected by whether the 
mouth of the estuary was permanently open or seasonally open. The following three 
more detailed objectives were addressed: 
 
Objective 1 – To understand the structure and functioning of an estuary, and to be able 
to interpret changes in these ecosystems, detailed knowledge on the trophic interactions 
between  abundant  members  of  their  fish  fauna  is  essential.  Naturally  and 
anthropogenically induced changes in estuaries, such as increases in nutrient loads, the 
occurrence  of  anoxia,  and  increasing  temperatures,  put  these  systems  under  stress 
(Kennish 2002). The fauna that inhabits estuaries experiences great changes in physico-
chemical gradients under natural conditions, but these added stressors might cause shifts 
in  the  communities  present.  A  detailed  understanding  of  the  food  preferences  of 
abundant  members  of the nearshore fish community is  essential for interpreting the 
trophic relationships in estuaries. Co-occurring members of the Sparidae, Atherinidae 
and Gobiidae have been shown to feed on a variety of food items in estuarine systems 
(Gill & Potter 1993; Humphries & Potter 1993; Sarre et al. 2000; Chuwen et al. 2007), 
and display differing feeding habits. The first objective of this thesis was therefore to 
qualitatively and quantitatively investigate the dietary compositions of four abundant 
members of the nearshore fish fauna of the Swan-Canning estuary and Wilson Inlet, and 
to identify any seasonal changes in diet (Chapter III). 
 
Objective 2 – Fishes, together with birds, cetaceans and humans, are top level predators 
in estuaries (McLusky & Elliot 2004). They assimilate and accumulate biomass, which 
initially was produced by allochthonous or autochthonous sources, such as micro-and 
macroalgae, bacteria and terrestrial vegetation (McLusky & Elliot 2004). To gain an 
understanding of the sources of energy in an estuary, and to elucidate the pathways of 
material transfer, it is necessary to investigate the primary producers as well as first and 
higher order consumers in  the food web of interest.  Primary producers and benthic 
macroinvertebrates  in  the  Swan-Canning  estuary  and  in  Wilson  Inlet  differ  in Chapter I 
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abundance  and  species  composition  (Hillman  et  al.  1995;  Platell  &  Potter  1996; 
Thompson 1998; Carruthers & Walker 1999; Masini & McComb 2001; Twomey & 
Thompson 2001; Department of Water 2009). Both groups form potential food sources 
for estuarine fishes (Sarre et al. 2000; Akin & Winemiller 2006; Platell et al. 2006; 
Chuwen et al. 2007), and changes in their compositions will influence the available 
food sources. Thus, the second objective of this thesis was to investigate the stable 
isotope and, in case of the first two regions, the fatty acid composition of abundant 
members of the food webs in the Upper Swan River (Chapter IV), Wilson Inlet (Chapter 
V)  and  the  Canning  River  (Chapter  VI)  to  identify  the  major  primary  sources  of 
nutrition for these four species and describe seasonal changes in food web structure. 
 
Objective  3  –  The  estuaries  of  south-western  Australia,  like  many  estuaries  in 
temperate climate zones, can be classified according to the extent of exchange between 
riverine  and  oceanic  waters  and  their  respective  bar-opening  regimes  (Hodgkin  & 
Lenanton  1981).  Different  hydrological  regimes  governing  these  estuaries  will  have 
influence on structuring the flora and fauna living within them, which in turn structures 
the existing food webs. Anthropogenic changes, such as catchment clearing, loss of 
riparian vegetation and extraction of water, will further alter the hydrological regimes of 
these estuaries, and the food sources available, in the future (Kennish 2002). The third 
objective of this thesis was therefore to investigate and compare the extent to which 
abundant  members  of  the  nearshore  fish  fauna  exhibit  niche  flexibility  and 
specialisation in a permanently-open and a seasonally-open estuary (Chapter VI). This 
objective combines and integrates data derived from the three techniques applied for 
dietary analyses throughout this study to develop the most comprehensive food webs for 
two south-western Australian estuaries. 
 
An overall synthesis and conclusions is presented after the results for the Canning River 
in Chapter VI. 
 Chapter II 
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2.  General materials and methods 
2.1  Study areas 
This study was carried out on the lower west coast and south coast of Western 
Australia, a region which experiences hot, dry summers and cool, wet winters, typical of 
a Mediterranean climate (Hope et al. 2006). The estuaries of this region are located on a 
wide (west coast) or narrow (south coast) sandy coastal plain and typically comprise a 
short and narrow entrance channel, one or two large central basins and the saline lower 
reaches of the tributary rivers (Stephens & Imberger 1996). The river flow in this region 
is highly seasonal, with ca 70 % of rainfall between April and September, the tides are 
microtidal and the prevailing south-westerly winds and swell can cause the formation of 
sand bars at the mouths of these estuaries (Hodgkin & Hesp 1998). The formation of 
sand bars isolates the estuaries from the sea for varying periods of time, and this feature 
has  been  used  by  Hodgkin  and  Lenanton  (1981)  to  classify  the  estuaries  of  south-
western Australia into permanently-open, seasonally-open and normally-closed systems. 
The Swan-Canning estuary and Wilson Inlet have been chosen as case studies to 
investigate the trophic flows between primary producers and abundant members of the 
nearshore fish fauna and to elucidate the flexibility of trophic niches of these species in 
estuaries with different hydrological and morphological characteristics. 
2.1.1  The Swan-Canning estuary 
The  Swan-Canning  estuary  and  its  catchment  lie  on  the  wide,  sandy  Swan 
coastal  plain,  bordered  by  the  Darling  Plateau  (between  115º45'  and  116º10'  E  and 
31º50' and 32º40' S) (Fig. 2.1; Plate 2.1). It is a drowned river valley system with a 
connection to the ocean that stays permanently open (Hodgkin & Hesp 1998). This is 
due  to  dredging  at  the  entrance  channel  to  allow  cargo  ships  to  enter  the  port  at 
Fremantle. The estuary is ca 50 km long and covers an area of ca 55 km
2. It comprises a 
narrow entrance channel, two main basins and the saline lower reaches of both the Swan 
and  Canning  tributary  rivers.  The  water  depth  of  the  Swan-Canning  estuary  varies 
considerably: at the ocean entrance, the channel has been dredged to 13 m, while the Chapter II 
21 
average depth of the remainder of the channel is < 5 m. The main basins have mean 
depths of < 9 m, with some extensive shallow areas of < 0.5 m depth. The saline reaches 
of the main tributary rivers are generally between 2-3 m deep (Thomson et al. 2001; 
Brearley 2005). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1  Map of south-western Australia, showing the locations of the permanently-open 
Swan-Canning  estuary  (insert  top  left)  and  the  seasonally-open  Wilson  Inlet 
(bottom insert). Study areas in inserts denoted with black dots. 
 
The catchment of the Swan-Canning estuary covers an area of 122 960 km
2, 
with the catchment of the Canning covering a relatively small area of ca 2 120 km
2, 
which is mainly forested and only cleared in urban areas. The catchment of the Canning 
River drains the Swan Coastal Plain, and today, water flow is greatly reduced by dams 
on the Canning River (built in 1940) and on its main tributaries, the Southern-Wungong 
River, the Munday (Victoria Reservoir 1891) and Churchman Brook. A weir at Kent 
Street (built in 1927) further reduces flow in times of low precipitation, to hold water 
for agriculture (Brearley 2005). The catchment of the Swan includes those of the Swan 
and Avon Rivers and drains the Darling Plateau. About 85 % of the Swan and Avon 
catchments have been cleared (Commonwealth of Australia 2002; Brearley 2005). The 
catchment is highly urbanised in the Swan Coastal Plain, housing the city of Perth (ca Chapter II 
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1.6 million people in 2008; http://www.abs.gov.au) and industrial areas, while rural, 
semi-rural and agricultural areas reside on the Darling Scarp (Peters & Donohue 2001). 
The  Swan-Canning  estuary  has  been  classified  as  extensively  modified  by  the 
Australian  Catchment,  River  and  Estuary  Assessment  (Commonwealth  of  Australia 
2002). These modifications include the deepening of channels, construction of dams and 
weirs, reclamation of intertidal  mudflats  for urban development,  extensive shoreline 
modifications such as jetties and training walls, and a storm- and wastewater discharge 
network  (Chan  et  al.  2002;  Commonwealth  of  Australia  2002).  Furthermore,  an 
oxygenation plant was installed in the Canning River, upstream from Kent Street weir, 
to alleviate problems arising from hypoxia events, which trigger nutrient release from 
the sediments (Department of Water, Western Australia 2000). 
 
Plate 2.1  Aerial  photograph  showing  the  permanently-open  Swan-Canning  estuary. 
Landsat 7 Image; © Commonwealth of Australia – Geoscience Australia 2003.  
 
Air  temperatures  in  the  region  reach  a  maximum  mean  of  29.9  °C  during 
February (summer) and a maximum mean of 17.4 °C during July (winter) (Bureau of Chapter II 
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Meteorology 2008). A seasonal cycle in salinity is evident due to the estuary being 
microtidal  (mean  tidal  range  0.6  m),  the  narrow  entrance  channel  and  the  highly 
seasonal runoff (Loneragan et al. 1989; Swan River Trust 2000a). The mean annual 
rainfall is ca 800 mm (Bureau of Meteorology 2008). In winter, salinities are low due to 
high freshwater input, which prevents saltwater moving into the upper estuary. When 
winter rains subside, saltwater starts moving up the estuary on incoming tides. The 
heavier, denser salt water does not mix with the relatively light and fresh surface water. 
Consequently, the bottom water forms a salt wedge, which moves further up the estuary 
as the year progresses. Poor oxygen diffusion into the dense bottom layer now often 
results in widespread hypoxia and anoxia, which may lead to death of many bottom-
dwelling  invertebrates.  By  spring,  the  water  column  in  the  upper  reaches  is  highly 
stratified. In summer, salinity in most of the lower and middle parts of the estuary is 
close to that of seawater and the water column is only weakly stratified (Stephens & 
Imberger 1996). 
The sediment comprises sand of differing grain sizes and shell fragments in the 
lower  reaches  and  main  basins,  while  finer  sands  and  silts  dominate  in  the  upper 
reaches. In the Upper Swan River, fringing vegetation in the riparian zone comprises 
saltmarsh, i.e. bulrushes (Typha sp.), swamp sheoak, and shrubs, i.e. saltbush, sea heath, 
myopium, samphires, herbs (Swan River Trust 2001). The dominant seagrass in the 
system  is  Halophila  ovalis  (Hillman  et  al.  1995),  and  macroalgal  assemblages  are 
diverse,  including  chlorophytes  (e.g.  Chaetomorpha  linum,  Enteromorpha  prolifera, 
Ulva  sp.),  rhodophytes  (Gracilaria  comosa)  and  heterokontophytes  (Cystoseira 
trinodis), and undergo seasonal variations in abundance (Astill & Lavery 2004). The 
microalgal  community  comprises  chlorophytes,  dinophytes  (dinoflagellates), 
bacillariophytes (diatoms) and cryptophytes. These can, under favourable environmental 
conditions, lead to algal blooms, including those of harmful species (McComb & Davis 
1993; Swan River Trust 2000b; Thompson 2001; Brearley 2005; Department of Water, 
Western Australia 2005). Chapter II 
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2.1.2  Wilson Inlet 
Wilson Inlet and its catchment lie on the narrow coastal plain, which comprises 
silty sands of estuarine origin, between the Western Shield Plateau and the dunes and 
rocky headlands of the south coast of Western Australia (between 117°20' and 117°29' 
E and 34°38' and 35°02' S) (Fig. 2.1; Plate 2.2). Wilson Inlet is a basin estuary which 
covers an area of 48 km
2 and is ca 14 km long and 4 km wide, making it one of the two 
largest  estuarine  systems  on  the  south  coast  (Brearley  2005).  It  comprises  a  short 
entrance channel, a large basin and the saline reaches of the two main tributary rivers, 
the Denmark River on the north-western side (60 km long) and the Hay River on the 
north-eastern side (80 km long). Water depths in these tributaries can reach up to ca 4 m 
(Brearley 2005). 
 
Plate 2.2  Aerial photograph showing the seasonally-open Wilson Inlet. Landsat 7 Image; © 
Commonwealth of Australia – Geoscience Australia 2003.  
 
The inlet has an average depth of ca 1.8 m, with a maximum depth of 5 m in the 
main basin and an approximate volume of 85 x 10
6 m
3 (Hodgkin & Clark 1988). Chapter II 
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The mouth of the inlet lies on the western end of the bay, where it is protected 
by  a  headland  from  the  prevailing  winds  and  swell  coming  from  the  south-west  in 
winter. It forms a dynamic sand bar, due to the alongshore movement and deposition of 
sand, which is ca 500 m wide, 150 m deep and 1.8 m above mean sea level (Ranasinghe 
& Pattiaratchi 1999; Water and Rivers Commission 2002). It is closed for most of the 
year. The water level in Wilson Inlet can vary about 1.5 m, depending on the state of the 
bar and the season. 
The first seasonal closure of the Wilson Inlet would have happened ca 3 000 
years ago, when estuaries in this region became brackish due to high wave action and 
sand abundance (Brearley 2005). The bar of Wilson Inlet is usually opened artificially. 
The timing of the bar opening controls the amount of water exchanged and therefore the 
condition  of  the  water  when  closed.  In  the  last  90  years,  the  bar  has  been  opened 
manually when, usually in winter, the water levels in the inlet reach 1.1 m above sea-
level,  to  prevent  surrounding  agricultural  areas  from  flooding  (Ranasinghe  & 
Pattiaratchi 1999; Water and Rivers Commission 2002; Brearley 2005). This creates a 
flushing of the inlet and allows the exchange of estuarine and oceanic waters. It also 
enables  the  immigration  and  emigration  of  fish  species  with  differing  life-cycle 
categories (Chuwen et al. 2009a). In 2007, the bar was not opened for the first year 
since 1955, creating a different hydrological regime in the estuary. 
The  greater  part  of  the  catchment  comprises  granite  rocks  under  sand  and 
laterite. The Nullaki peninsula on the south side of the inlet consists of dunes which 
have hardened to limestone. The catchment of Wilson Inlet, which covers an area of 
2 379 km
2, is drained by two main rivers, the Hay and Denmark Rivers, which together 
drain 89 % of the catchment, three small rivers, the Sleeman River, Cuppup Creek and 
Little River, and Lake Said drain (Lukatelich et al. 1987). In the upper reaches of both 
the Denmark and Hay Rivers, the ground consists of laterite. Extensive swamps can be 
found in the catchment of the Denmark River, while much of the Hay River catchment 
consists of sandy soils (Lukatelich et al. 1987). Much of the catchment (54 %) has been 
cleared for agricultural use, and parts of the lower coastal reaches are still forested. This 
clearing of the catchment for cultivation has caused an increase in (1) salinity in the Chapter II 
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estuary  waters,  (2)  the  susceptibility  of  the  soils  to  erosion  and  (3)  the  amount  of 
nutrients derived from fertilisers entering the system as runoff from agricultural land. 
This causes potentially eutrophic conditions and a marked increase in the biomass of 
Ruppia megacarpa during the 1950s (Brearley 2005). Ruppia megacarpa constituted 
> 90 % of the plant biomass in 1987 (Lukatelich et al. 1987). 
Most  of  the  rain  falls  in  winter,  and  the  mean  annual  rainfall  is  995.9  mm 
(Bureau of Meteorology 2008). Mean annual rainfall is higher near the largely forested 
coast (1 100 mm at Denmark), while it decreases with increasing distance to the coast 
(700  mm  in  the  upper  reaches  of  the  Hay  and  Denmark  Rivers).  Rainfall  exceeds 
evaporation between May and September and the opposite situation prevails between 
October and April. 
The mean annual river flow into Wilson Inlet is ca 200 * 10
6 m
3, of which 65 % 
is  carried  by  the  Hay  River,  with  the  Denmark  River  and  the  Sleeman  River 
contributing  25  and  10  %,  respectively  (Hodgkin  &  Clark  1988;  Water  and  Rivers 
Commission 2002). The water in Wilson Inlet is highly stained with tannins. The rivers 
have an effective flow between June and October. 
Wind  mixing,  the  amount  of  marine  water  entering  the  estuary  during  bar-
opening and the salinity of Wilson Inlet waters determine the degree of vertical salinity 
stratification. The water column stratifies usually one month after the bar opens, with 
denser,  marine  waters  underlying  fresher  inlet  waters,  and  persists  until  the  wind 
conditions cause vertical mixing (Water and Rivers Commission 2002). This mixing is 
only temporary, and a halocline is formed again due to tidal inflows when the bar is 
open. Once the mouth of the estuary closes, the waters are well mixed due to persistent 
winds, generating waves of up to 1.2 m height in the inlet, causing the estuarine waters 
to be either mainly fresh or marine in times of high or low river flow, respectively 
(Water and Rivers Commission 2002). 
The sediment comprises marine sand of differing grain sizes and shell fragments 
in  the  entrance  to  the  inlet,  while  that  in  the  main  basins  consists  of  sand  in  the 
nearshore waters  and silt in more offshore waters  (Brearley 2005). The sediment is 
mainly vegetated with the aquatic macrophyte Ruppia megacarpa, which is the only Chapter II 
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aquatic  angiosperm  in  the  inlet  (Lukatelich  et  al.  1987;  Platell  &  Potter  1996).  Its 
abundance varies seasonally and can be twice the biomass in summer than in winter. At 
times, the seagrass Ruppia megacarpa supports a high biomass of epiphytic algae (such 
as the chlorophytes Cladophora and Enteromorpha and the rhodophytes Polysiphonia, 
Ceramium,  Chondria,  Cystoseira  and  Spyridia),  which  algae  can  also  live  as  free 
floating forms (Water and Rivers Commission 2003). The coastal terrestrial vegetation 
consists  of  jarrah  and  karri  forest,  swamp  vegetation  and  dense  woodland,  i.e. 
Melaleuca sp. (paperbark) and Agonis flexuosa (peppermint). 
2.2  Sampling regime 
In the permanently-open Swan-Canning estuary, one region in each of the Upper 
Swan and Canning Rivers were chosen for studying the local food web. The rationale 
for choosing the regions was to (1) study an area which is frequently disturbed by, 
sometimes  toxic,  algal  blooms  (Upper  Swan  River)  and  (2)  fit  in  with  the  habitat 
classification  scheme  developed  by  Valesini  et  al.  (2003)  (based  on  “enduring” 
environmental  variables  such  as  direct  and  north-westerly  fetches,  distances  from 
shoreline to 2 m depth contour and to the first offshore reef, relative contributions of 
bare sand, subtidal reef and seagrass) by also choosing a habitat type in the Canning 
River, which was classified as the same habitat type as the one south of the one studied 
in the Upper Swan River. Conclusions drawn about existing trophic niches occupied by 
the fish species would be transferable to the corresponding habitat type in the other 
river. 
The  habitat  classification  scheme  was  also  applied  to  the  seasonally-open 
Wilson Inlet, but with different criteria, as the geomorphology, ecology and hydrology 
of these estuaries differ greatly (Hodgkin & Clark 1988; Potter et al. 1993; Hodgkin & 
Hesp 1998; Hoeksema & Potter 2006). It was not possible to choose a riverine habitat 
type for study in Wilson Inlet, which would have made a comparison with the local 
food webs in the Swan-Canning estuary interesting, due to steep river banks and fallen 
trees in the water and, as a result, a lack of sites appropriate for deploying seine nets. 
Therefore, a habitat type in the basin of Wilson Inlet was chosen, which was located Chapter II 
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approximately  equidistant  between  the  two  main  tributary  river  mouths  (Hay  and 
Denmark Rivers), near Crusoe’s boat ramp. 
Fish were collected from nearshore, shallow waters at three sites in each region, 
i.e. the Upper Swan and Canning Rivers in the Swan-Canning estuary and in the basin 
of Wilson Inlet (Fig. 2.1). Note that, due to the sparse catches of A. butcheri from the 
sites in Wilson Inlet, supplementary fish were collected with gill nets from the Denmark 
and Hay Rivers. Sampling for fish was conducted in the last month of each season of 
2007 for the Upper Swan River and Wilson Inlet (i.e. in summer, autumn, winter and 
spring 2007), while in the Canning River, sampling commenced in winter 2007 and was 
conducted in the middle month of each season for four consecutive seasons (i.e. winter 
and spring 2007 and summer and autumn 2008). 
The fish species investigated in this study were the Black Bream Acanthopagrus 
butcheri,  Wallace’s  Hardyhead  Leptatherina  wallacei  and  the  gobies  Pseudogobius 
olorum and Favonigobius punctatus. The last species was selected as a replacement 
species  for  P.  olorum  in  the  Canning  River,  as  it  is  also  a  benthic  feeder  and 
F. punctatus was caught consistently in the Canning River. 
Fish were collected with a 21.5 m seine net, consisting of two 10 m wings with 6 
mm mesh and a 1.5 m wide bunt with 3 mm mesh . The net was walked into the water, 
laid out parallel to the shore at a depth of up to 1.2 m, then pulled back onto the shore, 
thereby sweeping an area of ca 116 m
2. Ten individuals of each species were randomly 
selected from the total catch at each site, covering the full length range present on each 
sampling  occasion.  Fish  were  euthanased  in  an  ice  slurry  and  samples  for  stomach 
content and biochemical analyses were taken within 24 hours. 
  Sampling for prey, which included various primary producers, invertebrates and 
vertebrates (see below), was conducted in the summer and winter seasons only. Data on 
the  biochemical  composition  of  potential  prey  was  required  in  order  to  trace  food 
sources of the fish species. Prey was collected at each site in each region. Sampling for 
prey  in  each  season  would  have  yielded  too  many  samples,  as  the  processing  of 
biochemical samples is very time-consuming and cost-intensive. In case of insufficient 
prey, additional samples of prey were collected in the autumn and spring months and Chapter II 
29 
the prey data for summer/autumn and winter/spring, respectively, were pooled, justified 
by the prevailing climatic conditions, which were most similar in summer and autumn, 
and in winter and spring, respectively. 
Benthic macroinvertebrates were collected with an 11 cm diameter cylindrical 
corer,  which  covered  a  surface  area  of  96  cm
2  and  sampled  to  a  depth  of  15  cm 
(Wildsmith et  al. 2005). The core sample was  wet-sieved through a 500  μm  mesh, 
which was likely to collect all benthic macroinvertebrates that the fish were likely to 
ingest, and placed in an ice slurry for further processing in the laboratory. 
Epibenthic invertebrates were collected using a sled consisting of a metal frame 
(50 cm wide and 25 cm high) with a lead chain and a plankton net attached to it. The 
sled  was  mounted  on  two  runners,  which  maintained  its  base  ca  3  cm  above  the 
substrate. The plankton net consisted of 150 μm mesh and was 1.45 m long, tapering to 
a width of 7 cm. The cod end of this net consisted of a PVC tube, 11 cm in diameter. 
This was drained through a 4.5 cm diameter opening, over which lay a mesh of 63 μm, 
likely collecting all epibenthic invertebrates the fish were likely to eat and allowing the 
water to  flow out through the cod end whilst towing the sled. The sled was towed 
parallel to the shore in approximately 1 m depth for at least 100 m, concentrating the 
sample in the cod end. 
Macroalgae were collected by hand or taken from the seine net catch. 
Sedimentary POM (containing microphytobenthos and detritus) was collected 
using a 5 cm diameter cylindrical corer, which was pushed into the sediment to a depth 
of 10 cm. The core sample was frozen. In the summer of 2008, POM in the Canning 
River was collected by scraping the top layer of sediment into a container, filling the 
container with estuarine water and filtering the supernatant onto a GF/F filterpaper. 
Seston samples (containing zoo- and phytoplankton and detritus) were collected 
by pouring ca 100 l of water through a stack of sieves consisting of 250, 74, 50, 20 and 
5 μm mesh. The retained material on the sieves was washed onto GF/F glassfibre filters. 
A  water  sample  was  also  taken  by  filtering  10  l  of  water  onto  glassfibre  filters. 
Reference samples were kept in Lugol’s iodine solution. Chapter II 
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Terrestrial insects were collected using a trap consisting of a wheelie bin, lined 
with bin bag and filled with newspaper to provide habitat for the flying insects, and a 
halogen tube slightly lowered into the bin opening to attract the insects and lure them 
inside the bin. After 30 minutes, the light was removed, the bin bag closed and kept on 
ice. 
Nocturnally pelagic aquatic organisms (e.g. isopods, polychaetes, mysids and 
larval fishes) were collected using a water light-trap, which was deployed from the boat 
ca 100 m offshore, for an hour after sunset. The light-trap, which was developed by 
Beckley  &  Naidoo  (2003),  was  constructed  from  6  mm  acrylic  glass  sheets  held 
together by a stainless steel frame and comprised the trap body (50 x 40 x 40 cm), a 
collection box, a waterproof battery box and a cylinder housing the 10 W fluorescent 
light-source. The trap body had one 28 cm long entry slit on each side, 15 cm below the 
lid, which tapered from 3.5 cm on the outside to 1 cm on the inside. Once the trap was 
retrieved from the water, organisms would drain through 3 cm diameter holes at the 
bottom of the trap-body into the collection box, which was held on by four stainless 
steel clips, and water would drain out of the box through two 20 x 12 cm large windows 
covered with 500 μm mesh. 
Additional samples of terrestrial vegetation were collected by hand in autumn 
2009 to fill a gap in the dataset. 
Temperature (°C), salinity and dissolved oxygen concentration (mg l
-1), were 
measured in the middle of the water column at each site on each sampling occasion, 
using a Yellow Springs Instrument 556 water quality meter. 
2.3  Sample preparation and laboratory analyses 
Each fish was measured to the nearest mm (total length; TL) and weighed to the 
nearest g. The stomach (gizzard) of Acanthopagrus butcheri, and the whole intestine of 
Leptatherina  wallacei,  Pseudogobius  olorum  and  Favonigobius  punctatus,  was 
removed from each of the ten individuals collected from each site and season and stored 
in 70 % ethanol for at least a week before further analyses (for details see Chapter III). 
White  muscle  flesh  was  dissected  from  the  dorsal  part  of  each  of  six  of  the  ten 
individuals (for stable isotope analyses) and of each of four of the ten individuals (for Chapter II 
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fatty acid analyses) with a scalpel and kept either in liquid nitrogen or in a freezer at 
-80°C until further analyses (for details see Chapters IV and V). 
Two separate samples of each of the following taxa, depending on the amount of 
fauna available, were kept for stable isotope and fatty acid analyses.  The sample of 
benthic macroinvertebrates was sorted and the most abundant species, i.e. examples of 
species  of  molluscs,  polychaetes  and  amphipods,  were  identified  to  the  lowest 
taxonomic level possible and a pooled sample consisting of up to 10 individuals of each 
taxonomic group was used for analysis. Epibenthic fauna were sorted in the laboratory 
and pooled samples of pelagic (calanoid/cyclopoid) and benthic (harpacticoid) copepods 
(up to 300 individuals), mysids and fish larvae (up to 10 individuals) were used for 
analyses. Note that copepods were sometimes sorted for more than one day (up to 3 
days) after sampling, during which time the organisms were kept alive in cooled estuary 
water.  For  sedimentary  particulate  organic  material  (sPOM),  the  top  centimeter  of 
sediment was separated from the frozen core in the laboratory and used for analysis. 
The  sample  collected  with  the  water  light-trap  was  sorted  and  pooled  samples  of 
isopods, polychaetes and mysids (up to 10 individuals per sample) and individual larval 
fishes were used for analysis. The sample of insects was sorted, identified to family and 
a pooled sample of up to five individuals of each species used for analysis. 
  Reference  samples  for  seston  and  sPOM  were  examined  under  a  compound 
microscope  (i.e.  samples  from  the  middle  sampling  site  in  summer  and  winter)  to 
determine the percentage contributions of diatoms, dinoflagellates, particulate organic 
and inorganic material, zooplankton and plant material to the total seston volume (tSV). 
2.4  Data analyses 
Descriptive  statistical  analyses,  as  well  as  testing  data  for  homogeneity  of 
variances, were performed using the SPSS Statistics v17 software (SPSS for Windows, 
release 23.8.2008, Chicago: SPSS Inc.). All univariate and multivariate data analyses, 
including analysis of variance, multidimensional scaling ordination and associated tests, 
were  performed  using  the  PRIMERv6  software  with  the  PERMANOVA+  add-on 
module (Clarke & Gorley 2006; Anderson et al. 2008). Details of the statistical analyses 
are described in the material and methods sections of the relevant chapters. Chapter III 
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3.  Flexibility  of  trophic  niches  of  four  abundant  species  of  teleost  in  a 
permanently-open and seasonally-open estuary in south-western Australia 
3.1  Abstract 
Gut content analyses were employed to investigate the extent to which the diets of 
four abundant species of teleost that occupy different feeding niches, i.e. Acanthopagrus 
butcheri (bentho-pelagic feeder), Leptatherina wallacei (pelagic feeder), Pseudogobius 
olorum and Favonigobius punctatus (both benthic feeders), in two estuaries in south-
western Australia (Swan-Canning estuary and Wilson Inlet) differed within and among 
species and within species among seasons and regions. 
Non-metric multidimensional scaling ordination and associated tests showed that, 
overall, the differences in diet were greater among species of fish than locations of 
capture in either the Upper Swan or Canning Rivers or in Wilson Inlet, or season of 
capture, i.e. in summer, autumn, winter and spring of 2007 in the Upper Swan River and 
Wilson Inlet, and in winter and spring of 2007 and summer and autumn of 2008 in the 
Canning River. Differences in the dietary compositions of these species were related, at 
least in part, to morphology, as A. butcheri attained the largest sizes and therefore the 
largest mouth gape, and could in turn ingest larger prey (e.g. teleosts). These differences 
were also related to the location of fish in the water column, as L. wallacei ingested the 
largest  amount  of  pelagic  prey,  and  even  also  fed  at  the  water  surface,  ingesting 
substantial amounts of terrestrial insects. 
Even  though  all  species  fed  on  the  substrate  on  epi-  and  infaunal  prey, 
contributions  of  different  dietary  categories  at  a  finer  taxonomic  level  differed 
substantially. Thus, Acanthopagrus butcheri fed mainly on crustaceans, molluscs and 
the aquatic macrophyte Ruppia megacarpa in the Upper Swan River, Canning River 
and Wilson Inlet, respectively, and therefore exhibited great plasticity and omnivory in 
its feeding habits. Crustaceans dominated the diet of L. wallacei in all three regions, 
followed  by  insects  in  the  Upper  Swan  and  Canning  Rivers  and  by  polychaetes  in 
Wilson Inlet. Pseudogobius olorum fed mainly on crustaceans in the Upper Swan River 
and Wilson Inlet (but harpacticoid copepods were only important in the diet in Wilson Chapter III 
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Inlet), as did Favonigobius punctatus in the Canning River, followed by polychaetes for 
both gobiid species. Favonigobius punctatus had the most specialised diet of all species, 
ingesting almost exclusively only polychaetes and crustaceans. 
Dietary compositions changed with increasing size in all species in all regions, 
particularly for the five to six size-classes that were present for the relatively long-lived 
A. butcheri (i.e. 50-99, 100-149, 150-199, 200-249, 250-299, 300-349, 350+ mm). The 
three other species are short-lived and attain only small sizes (< 100 mm in length), 
therefore only two to three size-classes were present for each species in each region. 
Competition within and among these species is greatly reduced by their respective 
occupation  of  different  feeding  niches,  i.e.  ingestion  of,  at  a  fine  taxonomic  level, 
differing suites of prey. Acanthopagrus butcheri is most opportunistic in its feeding 
behavior, as shown by the extent of differences in diet in the three estuarine regions. 
The smaller three species feed less opportunistically. 
If  environmental  conditions  continue  to  decline  in  these  estuarine  systems, 
A. butcheri would be most susceptible to these changes as it can bio-accumulate toxins 
from the sediment or water column for the longest time period, throughout its relatively 
long life. 
3.2  Introduction 
Estuaries are among the most productive ecosystems in the world, spanning a wide 
range of environmental gradients and supporting a large biomass of fauna (Schelske & 
Odum 1961; Costanza et al. 1997). The ichthyofaunas of estuaries have been studied 
extensively (Haedrich 1983; Pollard 1994; Potter & Hyndes 1999; Thiel & Potter 2001; 
Thiel et al. 2003; Chuwen et al. 2009a; Hoeksema et al. 2009). In temperate regions of 
the southern hemisphere, they comprise mainly the juveniles of marine species, which 
use estuaries for shelter, larger estuarine species such as A. butcheri, Platycephalus sp. 
and Cnidoglanis macrocephalus, and many members of the Atherinidae and Gobiidae, 
which are represented by small, short-lived species that complete their life-cycles within 
the estuary (Potter et al. 1983; Blaber 1985; Loneragan & Potter 1990; Potter et al. 1990; 
Potter & Hyndes 1994; Potter & Hyndes 1999). Chapter III 
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To  gain  a  better  understanding  of  why  estuaries  support  such  an  abundance  of 
fauna,  and  fish  in  particular,  researchers  frequently  employ  gut  content  analyses  to 
investigate how resources are partitioned between abundant members of the fish fauna of 
estuaries. Gause’s principle regarding the coexistence of species states that two species 
using the same resources cannot stably coexist, as they would occupy the same ecological 
niche (Gause 1934; Hardin 1960). One outcome of competition therefore can be niche 
differentiation, where species differ in at least one dimension of the n-dimensional niche 
space and therefore will not result in extinction of the other species, as would be the case 
in a competitive exclusion (Begon et al. 1996). 
The  diets  of  fish  in  estuaries  and  marine  waters  have  been  shown  to  differ 
according to varying temporal (Harmelin-Vivien & Bouchon 1976; Linke et al. 2001; 
Maes et al. 2003) and spatial scales (Humphries & Potter 1993; Deegan & Garritt 1997), 
reflecting  differences  in  fish  size,  feeding  morphology  and  behavior  (Bennett  1989b; 
Hosten & Mees 1999; Linke et al. 2001). The abundance and availability of prey within 
an estuary will also vary with changes in environmental conditions, such as the onset of 
winter precipitation and the accompanying decreases in salinity (Platell & Potter 1996; 
Kanandjembo et al. 2001; Akin et al. 2003), but see also Valesini et al. (2009). It is 
relatively common for fish in estuaries to consume a wide range of prey and to feed 
opportunistically (Desvilettes et al. 1997; Elliott et al. 2002; Platell et al. 2006). The data 
derived from dietary studies are essential for developing quantitative ecosystem models, 
such as ECOPATH, in terms of providing the information required by these models on 
the proportion and biomass of prey consumed within the ecosystem. 
The estuaries of south-western Australia experience a Mediterranean climate with 
highly seasonal rainfall (mainly in winter), little tidal action and littoral drift of sand 
(Gentilli  1971;  Sanderson  &  Eliot  1996;  Pattiaratchi  et  al.  1997;  Ranasinghe  & 
Pattiaratchi 1999; Masselink & Pattiaratchi 2001). This causes the formation of large 
basins and narrow mouths, which can be closed off to the ocean for varying amounts of 
time. The Swan-Canning estuary, which lies on the west coast, is permanently open due 
to artificial dredging (Fremantle Ports 2010), while Wilson Inlet on the south coast is 
seasonally open due to artificial opening of the bar at the mouth every year in winter Chapter III 
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(Hodgkin & Clark 1988). Rainfall onto the large catchment of the Swan-Avon River 
introduces great amounts of freshwater run-off into the system, while the catchment of 
the Canning River is much smaller, causing it to receive less freshwater run-off than the 
Upper  Swan  River.  A  weir  in  the  Canning  River  further  restricts  freshwater  flow 
(Department of Water, Western Australia 2008), causing the system to be influenced, to 
a  greater  extent,  by  marine  waters,  when  the  weir  is  closed  (in  times  of  little 
precipitation). The catchment of the Wilson Inlet is similar in size to that of the Canning 
River, but remains forested to a greater extent (Brearley 2005). These three regions thus 
vary in their hydrological regimes. Due to management advice from the Environmental 
Protection Agency in 2007 (Anonymous 2009), the bar at the mouth of Wilson Inlet was 
not opened in that year for the first time since 1955, which restricted the exchange of 
marine  and  estuarine  waters  and  also  the  immigration  and  emigration  of  fish  and 
invertebrate species. 
The Upper Swan River is characterised by tannin-stained waters with little light 
penetration, large amounts of terrestrially derived detritus and a scarcity of macroalgae 
or microphytobenthos  (Brearley 2005).  The Canning River is  characterised by clear 
water and extensive sandy or silty shallows with little aquatic vegetation, an exception 
being stands of the seagrass Halophila ovalis (Hillman et al. 1995). Wilson Inlet is 
characterised  by  a  large  abundance  of  the  aquatic  macrophyte  Ruppia  megacarpa 
(Lukatelich  et  al.  1987),  as  well  as  substantial  amounts  of  macroalgae  (Water  and 
Rivers Commission 2003). 
Four abundant members of the nearshore fish fauna of the both the Swan-Canning 
estuary (Loneragan et al. 1989; Hoeksema & Potter 2006) and Wilson Inlet (Hoeksema 
et al. 2009) were selected to gain a better understanding of trophic niche separation 
between those members of the fish fauna in the three regions of interest. The four fish 
species were Acanthopagrus butcheri, which is a bentho-pelagic feeder (Sarre et al. 
2000; Shand et al. 2002; Chuwen et al. 2007), Leptatherina wallacei, which is a pelagic 
feeder  (Prince  et  al.  1982;  Humphries  &  Potter  1993),  Pseudogobius  olorum  and 
Favonigobius punctatus,  which  are  both  benthic  feeders  (Prince  et  al.  1982;  Gill  & 
Potter 1993; Humphries & Potter 1993). Chapter III 
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The diet  of  A. butcheri  was  investigated by Thompson  (1957) in three south-
western  Australian  estuaries  (Leschenault  Inlet,  Oyster  Harbour  and  Wonnerup). 
Bivalves and polychaetes collectively contributed over 50 % to the stomach contents, 
followed by Zostera sp. and amphipods (ca 10 % each). Sarre et al. (2000) analysed the 
diet of this sparid in four estuaries: the Swan and Moore Rivers, Nornalup/Walpole Inlet 
and Wellstead estuary, and a saline lake (Lake Clifton) in south-western Australia. In 
the Upper Swan River, A. butcheri consumed mainly bivalves, in particular the Swan 
River  mussel,  Xenostrobus  securis,  and,  to  a  far  lesser  extent,  also  crustaceans, 
macrophytes and polychaetes. The same dietary items were ingested by this species in 
the  other  four  study  systems,  but  in  very  different  amounts  (Sarre  et  al.  2000). 
Moreover,  X.  securis  had  been  shown  to  be  an  abundant  member  of  the  benthic 
macroinvertebrate  community  in  the  Upper  Swan  River  (Kanandjembo  et  al.  2001) 
during the time of Sarre’s study. Ontogenetic dietary shifts were evident in this species 
in all regions studied, with, for example, small bivalves and amphipods decreasing and 
large bivalves increasing in importance with increasing size of A. butcheri in the Swan 
River. 
The diet of L. wallacei in the Upper Swan River was investigated by Prince et al. 
(1982) and consisted mainly of planktonic crustaceans, flying insects and polychaetes, 
and,  to  a  lesser  extent,  unicellular  algae.  Loneragan  et  al.  (1987)  also  found  this 
carnivorous species to feed on planktonic copepods, amphipods and nereid polychaetes 
in the Swan-Canning estuary. 
The diet of Pseudogobius olorum in an intermittently-open estuary on the east 
coast of Australia consisted mainly of detritus and crustaceans (Becker & Laurenson 
2007), while in an east coast saltmarsh, this species consumed zooplankton, insects, 
detritus and plant material (Mazumder et al. 2006) and showed little seasonal variation 
in diet in these two locations. In the Swan River, on the other hand, seasonal variation in 
the diet of this species was evident, as the consumption of detritus, algae and mats of 
bacteria and fungi was high in all seasons except winter, when the abundance of plant 
material in the environment declined and P. olorum fed to a greater extent on animals 
such as amphipods and polychaetes (Gill & Potter 1993). Chapter III 
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No detailed dietary studies have been undertaken on the diet of  Favonigobius 
punctatus,  but  Gill  (1996)  found  this  species  to  ingest  mainly  polychaetes  and 
amphipods throughout the year. 
The  overall  objective  of  this  study  was  to  characterise  the  diet  of  these  four 
abundant members of the nearshore fish fauna of the Swan-Canning estuary and Wilson 
Inlet, in order to understand trophic resource partitioning within and among species. 
3.2.1  Aims of the study 
Due  to  differences  in  the  occurrence  of  species  and  the  commencement  of 
sampling in the three regions, the following two hypotheses were tested: 
1)  To reduce the potential of competition for food resources within a given species, 
the  dietary  compositions  of  the  different  size-classes  of  each  of  the  four 
abundant fish species in the nearshore, shallow waters of the Upper Swan and 
Canning Rivers and Wilson Inlet will differ. Differences will be greatest in the 
species  that  attains  the  largest  sizes  due  to  greatest  changes  in  mouth 
morphology, such as increase in mouth gape with increasing body size. 
2)  The  dietary  compositions  of  Acanthopagrus  butcheri,  Leptatherina  wallacei, 
Pseudogobius  olorum  and  Favonigobius  punctatus  in  the  nearshore  fish 
community of the Upper Swan and Canning Rivers and Wilson Inlet will differ 
between species and seasons and regions. 
3.3  Materials and methods 
3.3.1  Study area and sampling regime 
This study was conducted in the permanently-open Swan-Canning estuary on the 
lower west coast (between 115º45' and 116º10' E and 31º50' and 32º40' S) and in the 
seasonally-open Wilson Inlet (between 117°20' and 117°29' E; 34°38' and 35°02' S) on 
the south coast of south-western Australia (see Fig. 2.1; Chapter II). The fish species 
collected for dietary analyses were the Black Bream Acanthopagrus butcheri, Wallace’s 
Hardyhead  Leptatherina  wallacei  and  the  gobies  Pseudogobius  olorum  and 
Favonigobius punctatus. Fish were collected using a seine net from nearshore, shallow Chapter III 
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waters (< 1.2 m depth) at three sites in each of the Upper Swan River and Canning 
River in the Swan-Canning estuary and in Wilson Inlet (see Fig. 2.1). Note that, due to 
the sparse catches of A. butcheri at any of the three sites in Wilson Inlet, supplementary 
catches of A. butcheri were obtained opportunistically with gill nets from the two main 
tributaries of the Wilson, the Denmark and Hay Rivers, to ensure comparisons of the 
trophic niches occupied by this species in the three different regions could be made.  
 
Table 3.1  Seasons in which  Acanthopagrus butcheri, Leptatherina wallacei, Pseudogobius 
olorum and Favonigobius punctatus were caught in the Upper Swan and Canning 
Rivers in the Swan-Canning estuary and in Wilson Inlet. 
 
Region and species  Season and season number on MDS plots 
  Summer 
2007 
Autumn 
2007 
Winter 
2007 
Spring 
2007 
Summer 
2008 
Autumn 
2008 
  1  2  3  4  5  6 
Upper Swan River             
A. butcheri  x  x  x  x     
L. wallacei  x  x  x  x     
P. olorum  x  x  x  x     
Canning River             
A. butcheri      x  x  x  x 
L. wallacei      x  x  x  x 
F. punctatus      x  x  x  x 
Wilson Inlet             
A. butcheri  x  x  x  x     
L. wallacei  x  x  x  x     
P. olorum  x  x  x  x     
 
Sampling was conducted in the last month of each season of 2007 for the Upper 
Swan River and Wilson Inlet (i.e. in summer, autumn, winter and spring 2007), while in 
the Canning River,  sampling commenced in  winter 2007 and  was  conducted in  the 
middle month of each season for four consecutive seasons (i.e. winter and spring 2007 
and summer and autumn 2008) (Table 3.1). 
Fish were collected during the time they are likely to be feeding or have just fed, 
which, judging by the state of digestion of their gut contents, occurred between 10:00 
and  19:00  h,  using  a  21.5  m  seine  net  (Linke  et  al.  2001;  Hourston  et  al.  2004; 
Hoeksema et al. 2009). Ten individuals of each species were selected from the total 
catch  at  each  site,  encompassing  the  full  length  range  present  on  each  sampling 
occasion. Fish were euthanased in an ice slurry and processed within 24 hours. 
The temperature (°C), salinity and dissolved oxygen (mg/l) were measured in 
the middle of the water column at each site on each sampling occasion using a Yellow 
Springs Instrument 556 water quality meter. Chapter III 
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3.3.2  Laboratory analyses 
Each fish was measured to the nearest mm (total length; TL) and weighed (wet 
weight) to the nearest g. The distinct stomach of Acanthopagrus butcheri, and the whole 
intestine of the three smaller species (Leptatherina wallacei, Pseudogobius olorum and 
Favonigobius punctatus), was removed and stored in 70 % ethanol for at least a week, 
after which each gut was examined under a dissecting microscope. The fullness of guts 
was scored on a scale of 0 (empty) to 10 (100 % full) (Hynes 1950; Hyslop 1980). Each 
item  in  the  gut  was  identified to  the lowest  taxonomic level  possible (according to 
Glasby et al. 2000; Wells & Bryce 2000; Jones & Morgan 2002; Gomon et al. 2008), 
and the volumetric contribution of each dietary item to each gut estimated visually and 
reported as percent of total gut volume (% V). Dietary items were then allocated to one 
of 53 broader taxonomic groups, subsequently referred to as dietary categories, which 
formed  the  basis  of  subsequent  analyses,  and  also,  in  order  to  facilitate  broad 
interspecific  comparisons,  to  a  major  “taxon”,  e.g.  Rotifera,  Annelida,  Mollusca, 
Arthropoda, Insecta, Chordata or Algae, or to a group which comprised other material. 
The percentage frequency of occurrence (% F) and the relative contribution by 
volume (% V) were calculated for each dietary category and major taxon to the guts of 
each species in each region. Although the volumes of both unidentifiable material and 
sediment were also calculated, these were not considered valid dietary categories and 
were not, therefore, included in subsequent dietary analyses. However, details of their 
contributions to the stomach contents were recorded (see Table 3.2). 
3.3.3  Statistical analyses 
The means and standard deviations of temperature (°C), salinity and dissolved 
oxygen (mg/l) were calculated for each season in each region (Fig. 3.1).  
The  mean  percentage  volumetric  contribution  of  each  dietary  category  was 
calculated using SPSSv17 for the diets of all fish (% V in Table 3.2) and successive 
50 mm  size-classes  of  A. butcheri,  i.e.  50-99,  100-149,  150-199,  200-249,  250-299, 
300-349, > 350 mm TL, and of successive 20 mm size-classes of each of the other three 
species, i.e. ≤ 19, 20–39, 40–59, 60-79 mm TL. Chapter III 
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Subsequent  multivariate  analyses  were  carried  out  using  the  PRIMERv6 
multivariate statistics package (Clarke & Gorley 2006) with the PERMANOVA+ add-
on module (Anderson et al. 2008). 
The data for size-classes of all species were square root transformed to avoid 
any tendency for the main dietary items to be excessively dominant. Separate Bray-
Curtis similarity matrices for each region were then constructed using PRIMER. The 
resultant three matrices, averaged for each species in each size-class, were subjected to 
non-metric  multidimensional  scaling  (nMDS)  ordination  to  visualise  the  types  and 
extent  of  size-related  changes  in  diet  of  each  species  in  each  region.  Tests  of 
homogeneity of dispersions (PERMDISP), a multivariate extension to Levene’s test of 
homogeneity of variances, were employed on the combined resemblance matrix for all 
regions to test for homogeneity of multivariate dispersions among size-classes of each 
species in each region (Anderson 2006). 
Further multivariate analyses focused on elucidating if, and to what extent, the 
dietary compositions of each species were influenced by location of capture/region and 
season. To address this aim, the individual guts within each region, species and season 
were randomly sorted into groups of three to four fish for each species, depending on 
the total number of guts, and the resultant averages used as new “replicates” (Platell & 
Potter 2001), which improves the power of multivariate analyses by lessening the effect 
of the guts of each fish normally only containing a few of the 53 dietary categories. 
These  replicate  data  were  then  square  root  transformed  and  separate  Bray-Curtis 
similarity  matrices  constructed,  to  subject  the  data  to  each  of  the  following  three 
comparisons: The first comparison used a 3-way crossed design of region (2 levels, i.e. 
Upper Swan River and Wilson Inlet) vs species (3 levels) vs season (4 levels). The 
second  comparison  used  a  2-way  crossed  design  of  species  (3  levels)  vs  season  (4 
levels) in the Canning River and the third comparison used a 3-way crossed design of 
region  (2  levels,  i.e.  Upper  Swan  and  Canning  Rivers)  vs  species  (2  levels,  i.e. 
Acanthopagrus butcheri and Leptatherina wallacei) vs season (2 levels, i.e. winter and 
spring 2007), with each factor in each comparison considered fixed. This resulted in 
unbalanced designs, as there was different numbers of replicates in each of the above Chapter III 
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mentioned  groups,  which  precludes  the  effective  use  of  parametric  tests.  Therefore, 
Permutational  Multivariate  Analysis  of  Variance  (PERMANOVA)  (Anderson  2001; 
Anderson et al. 2008) was employed, which does not make these assumptions. 
PERMANOVA assigns components of variation of differing magnitudes to the 
main  factors and  any two- or three-way interactions  between combinations  of main 
factors included in the chosen comparison. The larger the component of variation, the 
greater the influence of a particular factor or interaction term on the structure of the 
data. 
Two-way Analyses of Similarities (ANOSIM) were employed for each factor vs 
the  other  two  factors  combined,  and,  when  PERMANOVA  detected  significant 
interactions,  this  approach  was  carried  out  but  within  each  level  of  the  appropriate 
factor. This meant “averaging” the two removed factors in each case to a single factor, 
which then represented all combinations of their levels.  
The R-statistic values associated with the ANOSIM tests are a measure for the 
magnitude of the differences between groups and range between 1 (where the similarity 
of samples within groups is larger than between groups) and 0 (where the similarity 
between and within groups is the same) (Clarke & Gorley 2006). The null hypothesis 
that the dietary compositions were not significantly different was  rejected when the 
significance level (P) was less than 5 % (P < 0.05). 
When significant  differences  were detected by  ANOSIM,  pairwise ANOSIM 
tests  were  carried  out  to  identify  which  levels  of  that  factor  showed  the  greatest 
differences. 
Similarity matrices, calculating the distances between centroids available in the 
PERMANOVA+ package, were then constructed from the above three approaches on 
the  replicate  data  for  each  region/species/season  group,  and  subjected  to  nMDS,  to 
visualise the types and extents of seasonal changes in diet of each species in the three 
regions.  Together,  these  three  analyses  (PERMANOVA,  ANOSIM,  nMDS)  are 
particularly well suited for dietary analyses of a priori groups, as they do not rely on the 
data being linearly related and normally distributed (Platell & Potter 1998). Chapter III 
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Similarities Percentages (SIMPER) was then employed, again on the replicate 
data,  to  extract  the  dietary  categories  typifying  a  priori  groups  or  distinguishing 
between those groups where significant differences had been detected. The cut off in 
SIMPER  for  categories  to  be  reported  was  chosen  to  be  a  dissimilarity/standard 
deviation ratio of > 1.1 (for the first comparison) or > 1.4 (for the last two comparisons), 
or a contribution to dissimilarity of > 10 %. Lastly, tests of homogeneity of dispersions 
(PERMDISP) were employed to calculate niche width of species in various a priori 
groups (Anderson 2006). In this test, the F-statistic is a measure of the variance between 
groups/variance within groups. 
3.4    Results 
3.4.1  Water quality parameters 
Water  temperature  showed  similar  trends  in  all  three  regions,  with  highest 
temperatures exhibited in summer, ca 26 °C, and lowest in winter, ca 15 °C, in the 
Swan-Canning estuary and Wilson Inlet, respectively (Fig. 3.1a). 
 
 
 
Figure 3.1  Mean  (±  1  SD)  for  (a)  temperature  (b)  salinity,  and  (c)  dissolved  oxygen 
concentration in the Upper Swan and Canning Rivers and Wilson Inlet between the 
summer of 2007 and autumn 2008. 
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Salinity in the Upper Swan River declined rapidly with the onset of winter rains 
from 24.8 to 5 (Fig. 3.1b). In the Canning River, the salinity was relatively similar (9) to 
the Upper Swan River in winter 2007, then rose steadily, and considerably faster than in 
the  Upper  Swan  River,  to  32  in  summer,  after  which  it  started  to  decline  again. 
Salinities in Wilson Inlet showed the least seasonal variation of all  regions, ranging 
from ca 25 in summer to ca 17 in spring 2007. Dissolved oxygen concentrations were 
highest in the Upper Swan River in winter (9.4 mg/l) and in the Canning River in spring 
(11.1 mg/l), while they were generally higher in all seasons in Wilson Inlet, reaching 
their maximum in summer (12 mg/l) (Fig. 3.1c). 
3.4.2  Overall dietary compositions 
A  total  of  1048  guts  from  all  four  species  were  examined,  with  907  guts 
containing identifiable items, and 894 of these containing identifiable items other than 
sediment, which then could be used for analyses of size-related changes in diet in each 
species. 
 
Table 3.2  Number  of  stomach  samples  in  each  size-class  (TL)  and  length  ranges  
of  Acanthopagrus butcheri,  Leptatherina  wallacei,  Pseudogobius  olorum  and 
Favonigobius punctatus  caught  in  the  Upper  Swan  and  Canning  Rivers  in  the 
Swan-Canning estuary and in Wilson Inlet used for examination of size-related 
changes in diet.  
 
  Size-class number and length range (total length, mm) 
Region and species  0-19  20-39  40-59  60-79  50-99  100-
149 
150-
199 
200-
249 
250-
299 
300-
349  350+ 
  1  2  3  4  5  6  7  8  9  10  11 
Upper Swan River                       
A. butcheri          10  53  29  14  4     
L. wallacei    48  53  5               
P. olorum  5  86  25                 
Canning River                       
A. butcheri          8  12  26  31  18  6   
L. wallacei    28  77  7               
F. punctatus    72  29                 
Wilson Inlet                       
A. butcheri            8  4  18  21  8  4 
L. wallacei    58  50                 
P. olorum    58  19                 
 
3.4.2.1  Acanthopagrus butcheri (bentho-pelagic feeder) 
The mean stomach fullness for A. butcheri lay between 5.3 and 5.7 in the Upper 
Swan  and  Canning  Rivers  and  Wilson  Inlet  (Table  3.3).  The  relative  volumetric 
contribution to the diet of this species was dominated by crustaceans (22.3 % V) and Chapter III 
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polychaetes  (24.9  %  V)  in  the  Upper  Swan  River,  while  molluscs  (36.4  %  V) 
constituted  by  far  the  largest  part  of  the  diet  of  this  species  in  the  Canning  River. 
Aquatic plants (23.9 % V), comprising detritus and Ruppia megacarpa, dominated the 
diet of this species in Wilson Inlet (Table 3.3). 
3.4.2.2  Leptatherina wallacei (pelagic feeder) 
The mean stomach fullness for L. wallacei ranged from 5.5 in the Canning River 
to 6.7 and 6.8 in the Upper Swan River and Wilson Inlet, respectively. The diet of this 
species was dominated by crustaceans in all three regions (37.7, 51.7, 39.1 % V in the 
Upper Swan and Canning Rivers and Wilson Inlet, respectively), followed by insects in 
both rivers in the Swan Canning estuary (8.7 % V in the Upper Swan River, 11.2 % V 
in  the  Canning  River),  and  by  polychaetes  and  molluscs  in  Wilson  Inlet  (25.5  and 
14 % V, respectively) (see Table 3.3). At times, large contributions of unidentifiable 
material (i.e. 36.5 % V) were found in the diet of this species in the Upper Swan River. 
3.4.2.3  Pseudogobius olorum and Favonigobius punctatus (benthic feeders) 
The mean stomach fullness of these species ranged from 4.7 in the Canning 
River to 5.4 in the Upper Swan River and 5.3 in Wilson Inlet. Crustaceans dominated 
the diet of both species, contributing 35.3, 64.1 and 36.9 % V in the Upper Swan and 
Canning  Rivers  and  Wilson  Inlet,  respectively.  Polychaetes  contributed  substantial 
amounts  to  the  gut  contents  in  the  Upper  Swan  (23.9  %  V)  and  Canning  Rivers 
(15.1 % V) (Table 3.3). 
3.4.3  Size related changes in diet 
3.4.3.1  Acanthopagrus butcheri 
  In the Upper Swan River, the contribution of amphipods declined progressively 
with increasing size of fish (from 23.8 to 2.6 % V), while both polychaetes and bivalves 
were ingested by all but the largest fish, and collectively contributed between 45.9 and 
64.5 % V (Fig. 3.2a). Algae dominated the gut contents of the largest size-class (i.e. 
81.3 % V).  
 
Table 3.3  Percentage  frequency  of  occurrence  (%  F)  and  mean  percentage  volumetric  contribution  (%  V)  of  different  dietary  categories  to  the  diets  of 
Acanthopagrus  butcheri,  Leptatherina  wallacei,  Pseudogobius  olorum  and  Favonigobius  punctatus  in  the  Swan-Canning  estuary  and  Wilson  Inlet. 
Dietary categories grouped as major taxa (boldface). Taxa used in multivariate analyses are marked with an asterisk. 
 
Major taxa and dietary 
categories 
Upper Swan River    Canning River    Wilson Inlet 
Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Pseudogobius 
olorum 
  Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Favonigobius 
punctatus 
  Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Pseudogobius 
olorum 
  % F  % V  % F  % V  % F  % V    % F  % V  % F  % V  % F  % V    % F  % V  % F  % V  % F  % V 
Rotifera*  -  -  4.5  0.1  -  -    -  -  8.0  2.0  -  -    -  -  13.8  0.5  -  - 
Annelida  61.3  24.9  32.1  5.6  48.7  23.9    33.0  8.2  17.9  4.4  40.2  15.1    16.7  9.1  80.7  25.5  23.8  10.6 
Polychaeta*  61.3  24.9  32.1  5.6  48.7  23.9    32.0  8.1  17.9  4.4  40.2  15.1    16.7  9.1  80.7  25.5  10.0  3.4 
Nereididae  42.3  14.8  1.8  1.3  22.7  13.0    19.4  5.5  4.5  1.7  11.8  5.8    10.6  8.0  0.9  0.6  2.5  1.3 
Orbiniidae  5.4  2.8  -  -  -  -    7.8  1.4  -  -  -  -    -  -  -  -  -  - 
Serpulidae  4.5  1.5  -  -  -  -    -  -  -  -  -  -    1.5  0.1  -  -  -  - 
Unid. polychaetes  17.1  5.8  30.4  4.3  27.7  10.9    11.7  1.2  13.4  2.6  28.4  9.2    6.1  1.0  79.8  24.8  8.8  2.1 
Oligochaeta*  -  -  -  -  -  -    1.0  < 0.1  -  -  -  -    -  -  -  -  13.8  7.2 
Mollusca  58.6  18.7  30.4  2.9  8.4  1.6    64.1  36.4  30.4  5.4  1.0  < 0.1    33.3  14.8  33.0  14.0  1.3  0.3 
Bivalvia*  56.8  18.5  29.5  2.8  8.4  1.6    63.1  36.2  9.8  1.3  1.0  < 0.1    22.7  7.3  23.9  8.3  1.3  0.3 
Galeommatidae  41.4  8.7  28.6  2.4  6.7  1.4    6.8  0.7  9.8  1.3  1.0  < 0.1    6.1  2.2  22.9  8.2  -  - 
Mytilidae  14.4  3.7  -  -  1.7  0.2    -  -  -  -  -  -    9.1  2.8  -  -  -  - 
Tellinidae  9.0  2.7  -  -  -  -    14.6  6.7  -  -  -  -    -  -  -  -  -  - 
Psammobiidae  1.8  1.2  -  -  -  -    34.0  23.5  -  -  -  -    -  -  -  -  -  - 
Mactridae  4.5  1.7  -  -  -  -    2.9  0.5  -  -  -  -    -  -  -  -  -  - 
Trapeziidae  -  -  -  -  -  -    -  -  -  -  -  -    6.1  0.8  -  -  -  - 
Unid. bivalves  4.5  0.4  1.8  0.4  -  -    12.6  4.9  -  -  -  -    3.0  1.6  0.9  < 0.1  1.3  0.3 
Gastropoda*  2.7  0.2  3.6  < 0.1  -  -    1.9  0.2  27.7  4.1  -  -    18.2  7.4  28.4  5.8  -  - 
Hydrobiidae  0.9  < 0.1  -  -  -  -    -  -  -  -  -  -    15.2  5.7  0.9  0.1  -  - 
Unid. gastropods  2.7  0.2  3.6  < 0.1  -  -    1.9  0.2  27.7  4.1  -  -    3.0  1.7  27.5  5.7  -  - 
Arthropoda  69.4  22.8  80.4  37.9  75.6  35.6    49.5  15.6  90.2  51.7  93.1  64.1    40.9  15.7  89.0  39.3  85.0  36.9 
Crustacea  69.4  22.3  80.4  37.7  75.6  35.3    49.5  15.6  90.2  51.7  93.1  64.1    40.9  15.7  88.1  39.1  85.0  36.9 
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Table continued overleaf  
 
Major taxa and dietary 
categories 
Upper Swan River    Canning River    Wilson Inlet 
Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Pseudogobius 
olorum 
  Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Favonigobius 
punctatus 
  Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Pseudogobius 
olorum 
  % F  % V  % F  % V  % F  % V    % F  % V  % F  % V  % F  % V    % F  % V  % F  % V  % F  % V 
Copepoda*  -  -  57.1  17.8  43.7  7.4    -  -  64.3  19.2  43.1  14.5    -  -  82.6  34.1  80.0  35.1 
Calanoida  -  -  45.5  15.8  7.6  0.3    -  -  32.1  11.2  24.5  8.5    -  -  41.3  16.4  11.3  4.0 
Cyclopoida   -  -  -  -  1.7  0.1    -  -  6.3  2.7  13.7  4.9    -  -  -  -  -  - 
Harpacticoida  -  -  20.5  2.0  38.7  7.0    -  -  38.4  5.3  16.7  1.1    -  -  62.4  17.7  78.8  31.1 
Amphipoda*  55.9  17.6  11.6  5.9  28.6  10.5    39.8  12.9  25.0  13.4  46.1  30.0    19.7  2.1  -  -  1.3  0.3 
Lysianassidae  3.6  0.2  7.1  3.1  1.7  0.3    1.0  0.1  -  -  -  -    3.0  0.1  -  -  -  - 
Corophiidae  40.5  6.6  3.6  1.1  11.8  3.1    24.3  5.8  5.4  1.2  6.9  1.4    13.6  1.6  -  -  -  - 
Aoridae  19.8  5.0  -  -  -  -    11.7  2.4  5.4  2.2  3.9  0.8    -  -  -  -  -  - 
Nauplii  -  -  1.8  < 0.1  0.8  < 0.1    1.0  0.2  0.9  < 0.1  -  -    -  -  -  -  -  - 
Unid. amphipods   25.2  5.7  4.5  1.7  17.6  7.0    20.4  4.4  20.5  10.0  43.1  27.8    7.6  0.3  -  -  1.3  0.3 
Other arthropoda*  21.6  5.2  43.8  14.2  42.9  17.7    14.6  2.7  50.0  19.1  33.3  19.7    25.8  13.6    5.3  13.8  1.5 
Ostracoda  0.9  < 0.1  1.8  0.3  13.4  3.3    -  -  10.7  0.7  1.0  0.7    -  -  -  -  11.3  1.2 
Isopoda  7.2  0.6  5.4  0.6  5.0  1.1    1.0  < 0.1  0.9  0.5  -  -    1.5  < 0.1  -  -  -  - 
Tanaidacea  -  -  -  -  -  -    1.0  < 0.1  -  -  -  -    -  -  -  -  -  - 
Caridea  -  -  0.9  0.3  -  -    -  -  -  -  -  -    3.0  3.0  -  -  -  - 
Penaeidae  1.8  0.6  -  -  -  -    2.9  1.1  -  -  -  -    13.6  7.6  -  -  -  - 
Brachyura  0.9  0.5  -  -  -  -    -  -  -  -  -  -    -  -  -  -  -  - 
Crustacean larvae  -  -  7.1  1.9  -  -    -  -  0.9  0.1  -  -    -  -  8.3  1.6  -  - 
Unid. crustaceans  12.6  3.0  32.1  11.0  31.9  13.0    9.7  1.6  44.6  17.8  32.4  18.9    9.1  2.8  15.6  3.5  2.5  0.3 
Araneae  0.9  0.5  2.7  0.2  0.8  0.3    -  -  -  -  -  -    -  -  0.9  0.2  -  - 
Insecta*  13.5  0.9  25.0  8.7  8.4  1.5    1.9  1.1  19.6  11.2  -  -    -  -  2.8  1.1  6.3  1.9 
Diptera  -  -  6.3  1.4  0.8  < 0.1    1.9  0.6  15.2  7.7  -  -    -  -  0.9  0.6  -  - 
Hymenoptera  0.9  < 0.1  3.6  0.8  0.8  < 0.1    -  -  4.5  1.7  -  -    -  -  -  -  -  - 
Lepidoptera  0.9  0.3  0.9  0.3  -  -    -  -  -  -  -  -    -  -  -  -  -  - 
Insect larvae  9.9  0.4  8.9  2.5  7.6  1.3    1.9  0.5  1.8  1.1  -  -    -  -  0.9  0.3  6.3  1.9 
Unid. insects  3.6  0.2  15.2  3.6  -  -    -  -  2.7  0.7  -  -    -  -  0.9  0.2  -  - 
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Table continued overleaf  
 
Major taxa and dietary 
categories 
Upper Swan River    Canning River    Wilson Inlet 
Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Pseudogobius 
olorum 
  Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Favonigobius 
punctatus 
  Acanthopagrus 
butcheri 
Leptatherina 
wallacei 
Pseudogobius 
olorum 
  % F  % V  % F  % V  % F  % V    % F  % V  % F  % V  % F  % V    % F  % V  % F  % V  % F  % V 
Chordata                                         
Teleostei*  5.4  1.1  -  -  -  -    1.0  0.9  -  -  -  -    15.2  11.4  -  -  -  - 
Gobiidae  -  -  -  -  -  -    -  -  -  -  -  -    1.5  1.5  -  -  -  - 
Atherinidae  0.9  0.5  -  -  -  -    -  -  -  -  -  -    -  -  -  -  -  - 
Unid. teleosts   4.5  0.6  -  -  -  -    1.0  0.9  -  -  -  -    13.6  9.8  -  -  -  - 
Algae*  24.3  10.3  8.9  0.8  32.8  10.6    38.8  22.0  7.1  1.8  2.9  1.1    24.2  4.3  13.8  1.0  31.3  9.2 
Bacillariophyceae  7.2  0.9  8.0  0.6  12.6  1.1    2.9  0.2  6.3  0.3  1.0  < 0.1    15.2  0.7  9.2  0.3  11.3  0.5 
Cladophoraceae  13.5  5.1  -  -  25.2  9.5    1.0  0.8  0.9  0.8  2.0  1.1    9.1  3.1  1.8  0.3  20.0  7.9 
Ulvaceae  3.6  0.5  -  -  -  -    4.9  2.0  -  -  -  -    -  -  3.7  0.3  -  - 
Cystocloniaceae  2.7  1.7  -  -  -  -    26.2  14.6  -  -  -  -    1.5  0.2  -  -  -  - 
Rhodomelaceae  3.6  2.0  0.9  0.2  1.7  < 0.1    9.7  4.3  1.8  0.7  -  -    1.5  0.1  -  -  3.8  0.8 
Dictyotaceae  -  -  -  -  -  -    1.0  0.1  -  -  -  -    3.0  0.3  -  -  -  - 
Aquatic plants  30.6  3.6  4.5  0.2  4.2  0.4    14.6  2.2  4.5  0.2  2.9  0.1    47.0  23.9  1.8  0.1  5.0  0.6 
Seagrasses*  1.8  0.2  -  -  -  -    -  -  -  -  -  -    21.2  13.4  -  -  -  - 
Detritus*  29.7  3.4  4.5  0.2  4.2  0.4    14.6  2.2  4.5  0.2  2.9  0.1    33.3  10.5  1.8  0.1  5.0  0.6 
Other material*  73.0  17.7  75.0  43.8  70.6  26.5    64.1  13.6  61.6  23.5  61.8  19.6    54.5  20.9  57.8  18.4  90.0  40.5 
Terrestrial plants  22.5  4.1  2.7  0.2  11.8  0.6    -  -  0.9  < 0.1  -  -    7.6  1.3  0.9  0.2  1.3  0.6 
Cyanobacteria  11.7  2.8  0.9  0.3  7.6  1.8    2.9  0.4  -  -  -  -    10.6  6.5  -  -  -  - 
Unid. eggs   -  -  25.0  6.7  2.5  0.4    -  -  26.8  6.8  5.9  0.4    -  -  17.4  2.0  1.3  0.6 
Sediment  51.4  4.0  10.7  0.2  30.3  3.7    56.3  6.8  16.1  1.1  34.3  2.4    43.9  7.4  9.2  1.5  75.0  14.4 
Unid. material   23.4  6.8  65.2  36.5  52.9  20.0    17.5  6.4  37.5  15.5  37.3  16.8    15.2  5.7  45.9  14.7  65.0  24.8 
Total number 
of stomachs  132  114  122    118  119  113    106  133  91 
Number of stomachs with 
food (%)  111 (84.1 %)  112 (98.3 %)  119 (97.5 %)    103 (87.3 %)  112 (94.1 %)  102 (90.3 %)    66 (62.3 %)  109 (81.9 %)  80 (87.9 %) 
Stomach fullness  
(mean ± SD)  5.3 ± 3.0  6.7 ± 2.1  5.4 ± 2.1    5.7 ± 3.4  5.5 ± 2.5  4.7 ± 2.6    5.6 ± 3.6  6.8 ± 1.9  5.1 ± 2.2 
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In the Canning River, the contribution of bivalves increased with increasing size 
of A. butcheri from 9.3 % V (in fish 100-149 mm in length) to 62.3 % V (in fish 300-
349 mm in length) (Fig. 3.2b). Algae contributed substantially to the diets of all except 
the  largest  size-class  (between  11.3  and  36.6  %  V),  while  amphipods  decreased  in 
importance with increasing size of fish (from 69.1 to 0.5 % V). 
In  Wilson  Inlet,  detritus  was  present  in  the  guts  of  fish  in  all  size-classes, 
contributing between 3.2 and 27.1 % V (Fig. 3.2c). Teleosts and seagrasses were first 
ingested by fish 200-249 mm in length, and then increased in importance, collectively 
contributing  between  20.4  and  49  %  V  in  the  diets  of  larger  fish  (Fig.  3.2c). 
Polychaetes, gastropods and other arthropods each contributed more than 10 % V to 
most size-classes. 
3.4.3.2  Leptatherina wallacei 
As was the case with A. butcheri in all regions, insects made small contributions 
(ca 1 % V) to the diet of L. wallacei in Wilson Inlet (Fig. 3.2f). The contribution of 
insects decreased with increasing size of fish in the Canning River, but the reverse 
pertained in the Upper Swan River, where insects contributed 37 % V to the diet of fish 
60-79  mm  in  length  (Fig. 3.2d;  e).  Copepods,  which  were  absent  in  the  diet  of 
A. butcheri, contributed substantially to the diet of L. wallacei in all size-classes and all 
regions  (Fig.  3.2d-f).  Harpacticoid  copepods  were  most  important  in  fish  caught  in 
Wilson  Inlet, contributing 23.5 %  V  to  the diet of  fish 40-59 mm in length,  while 
calanoids/cyclopoids were the main order of copepods ingested by this species in both 
the Upper Swan and Canning Rivers, contributing 17.3 and 26.9 % V to the diet of fish 
40-59 mm in length, respectively. Polychaetes were most important in the diet of this 
species in Wilson Inlet, contributing between 30.8 and 35 % V, while their contribution 
never exceeded 15 %  V in the Upper Swan and Canning Rivers. Other arthropods, 
which only contributed ca 6 % V to the diet of all fish < 60 mm in length Wilson, 
increased in contribution in both the Upper Swan and Canning Rivers with increasing 
size of L. wallacei, constituting > 50 % V of the diet of this species in the Canning 
River in fish 60-79 mm in length (Fig. 3.2e; f). Chapter III 
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3.4.3.3  Pseudogobius olorum 
Similarly to L. wallacei, the diet of Pseudogobius olorum contained substantial 
amounts of copepods, although they were almost exclusively only harpacticoids (Fig. 
3.2g; i).  Harpacticoid  copepods  volumetrically  dominated  the  diet  of  this  species  in 
Wilson Inlet, being present in guts of all sizes, contributing > 50 % V to the diet of fish 
20-49 mm in length, while their contribution decreased with increasing size of fish in 
the Upper Swan River from 27.6 % V in the smallest fish to 3.8 % V in fish 40-59 mm 
in length. The same situation pertained with algae, which were ingested by each size-
class of P. olorum in both the Upper Swan River and Wilson Inlet, and decreased in 
contribution in the Upper Swan River with increasing size of P. olorum from 28.5 % V 
in the smallest fish to 8.4 % V in fish 40-59 mm in length (Fig. 3.2g). Polychaetes, 
which  contributed  <  10  %  V  to  the  diet  of  all  sizes  of  P. olorum  in  Wilson  Inlet, 
increased  in  importance  with  increasing  size  of  fish  in  the  Upper  Swan  River, 
contributing 34.3 % V to the diet of fish 40-59 mm in length (Fig. 3.2g). 
3.4.3.4  Favonigobius punctatus 
  Favonigobius punctatus increasingly ingested polychaetes and amphipods with 
increasing size of fish in the Canning River, which collectively contributed 45.7 and 
72.1 % V  to  both  size-classes  present,  while  the  opposite  situation  was  true  for 
cyclopoid/calanoid copepods, which were more important in the diet of smaller fish, i.e. 
20-39 mm in length (Fig. 3.2h). Other arthropods made similar contributions to fish of 
all sizes, ca 25 % V. 
3.4.4  Multivariate analyses of size-related data 
PERMANOVAs were employed to detect any significant differences between 
the different size-classes of each species in each region, and revealed significance for 
both A. butcheri and L. wallacei in the Upper Swan River (P < 0.01 in both cases), for 
each of the three species in the Canning River (P < 0.05), and only for Pseudogobius 
olorum in Wilson Inlet (P < 0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2  Mean percentage volumetric contribution of the different dietary categories to the diets of successive size-classes of Acanthopagrus butcheri (a-c), Leptatherina 
wallacei (d-f), Pseudogobius olorum (g; i) and Favonigobius punctatus (h) in the Upper Swan and Canning Rivers and in Wilson Inlet. Sample sizes given above 
each column. 
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When  the  Bray-Curtis  similarity  matrix,  based  on  the  mean  percentage 
volumetric contributions of the different dietary categories to the diets of successive 
size-classes of the three species of teleost in the Upper Swan River, was subjected to 
non-metric  multidimensional  scaling  ordination  (nMDS),  most  points  lay  on  a 
horizontal  line,  dividing  the  plot  into  two  halves,  with  the  samples  for  A.  butcheri 
towards the left and the samples for L. wallacei towards the right of the plot, framing 
those for the two larger size-classes of P. olorum (Fig. 3.3a). 
 
Figure 3.3  nMDS  ordinations  of  the  resemblance  matrices  constructed  from  all  dietary 
samples averaged for each size-class of Acanthopagrus butcheri, Leptatherina 
wallacei and Pseudogobius olorum in the (a) Upper Swan River and (c) Wilson 
Inlet  and  of  the  former  two  species  and  Favonigobius  punctatus  in  the  (b) 
Canning River. Lengths of fish in size-classes 1 to 11 are given in Table 3.1. 
 
Following  ordination  of  all  samples  for  both  the  Canning  River  and  Wilson 
Inlet, the points for A. butcheri lay to the left of each plot, far away from those for the 
respective other two species, and in the Canning River displayed a tendency to move 
upwards  and  to  the  left  of  the  plot  with  increasing  size  of  fish  (Fig.  3.3b;  c).  The 
samples for the two species of goby tended to move upwards on each plot for each 
region (Fig. 3.3a-c). Chapter III 
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The points for successive size-classes of L. wallacei displayed differing patterns 
in each region. In the Upper Swan River, points for successive size-classes moved along 
the horizontal dividing line first left then right (Fig. 3.3a), in the Canning River the 
points moved left and upwards (Fig. 3.3b) and in Wilson Inlet they moved downwards 
(Fig. 3.3c). 
Generally, multivariate dispersion was greatest for the different size-classes of 
A. butcheri in all regions, even though the least dispersion overall was recorded for the 
largest individuals obtained for this species from the Canning River (300-349 mm; 40.4; 
Table 3.4). In the Upper Swan River, dispersion was greatest in fish 150-199 mm in 
length (59.0), while in the Canning River, it was greatest in the smallest A. butcheri 
(100-149 mm; 62.5) and in Wilson Inlet in medium-sized fish (200-249 mm; 64.2). 
 
 
Table 3.4  PERMDISP  values  (mean  ±  SD)  for  the  samples  for  Acanthopagrus  butcheri, 
Leptatherina wallacei, Pseudogobius olorum and Favonigobius punctatus in each 
region and size-class. n.a. = not applicable; no s. = no sample; F = 8.1; P = 0.001. 
 
Region/Species, 
length range (mm) 
Upper Swan 
River 
Canning 
River 
Wilson 
Inlet 
A. butcheri       
50-99  56.7 ± 9.7  no s.  no s. 
100-149  58.1 ± 8.6  62.5 ± 6.0  54.3± 8.7 
150-199  59.0 ± 8.7  58.6 ± 10.5  59.6 ± 3.1 
200-249  57.7 ± 11.2  60.0 ± 9.4  64.2 ± 6.8 
250-299  56.1 ± 9.2  45.3 ± 18.3  62.2 ± 7.2 
300-349  no s.  40.4 ± 19.3  62.4 ± 5.0 
350+  no s.  no s.  54.8 ± 4.5 
L. wallacei       
20-39  57.0 ± 9.9  57.3 ± 8.1  45.7 ± 14.4 
40-59  58.3 ± 11.3.  58.7 ± 10.2  43.9 ± 12.9 
60-79  54.5 ± 3.9  50.6 ± 10.4  no s. 
P. olorum       
0-19  48.0 ± 13.6  n.a.  no s. 
20-39  60.7 ± 6.8  n.a.  46.1 ± 18.9 
40-59  57.8 ± 8.2  n.a.  48.2 ± 16.8 
F. punctatus       
20-39  n.a.  57.5 ± 8.9  n.a. 
40-59  n.a.  53.8 ± 12.8  n.a. 
 
Low dispersion was recorded for both size-classes of L. wallacei in Wilson Inlet 
(45.7, 43.9), followed by P. olorum in the same region (46.1, 48.2; Table 3.4). Chapter III 
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3.4.5  Inter- and intraspecific comparisons of dietary composition 
The data used to compare the composition of diets between estuaries, seasons and 
species utilised information derived from 862 guts across all regions. 
3.4.5.1  Upper Swan River and Wilson Inlet 
PERMANOVA on the dietary data for the replicates of three species of teleost in 
the Upper Swan River and Wilson Inlet in each season of 2007 revealed significance for 
each of the three main effects and each of their possible interactions (Table 3.5). The 
component of variation (CoV) was greatest for the three-way interaction term (30.262), 
followed by species (26.747) and the region vs species interaction, while it was least for 
the region vs season interaction term (9.729). 
 
Table 3.5  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the three-way PERMANOVA on the replicate dietary 
data for Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum 
in the Upper Swan River and Wilson Inlet in each season of 2007. df = degrees of 
freedom.  
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Region  1  35715  38.999  20.875  < 0.001 
Species  2  39956  43.629  26.747  < 0.001 
Season  3  6400.5  6.989  11.699  < 0.001 
Two-way interactions           
Region vs Species  2  19859  21.685  26.349  < 0.001 
Region vs Season  3  2812.3  3.071  9.729  < 0.001 
Species vs Season  6  5888.1  6.429  19.03  < 0.001 
Three-way interaction           
Region vs Species vs Season  6  2478.3  2.706  30.262  < 0.001 
Residual  155  915.81       
 
Two-way crossed ANOSIMs of each combination of each single factor  vs the 
other two factors combined yielded significant results for all factors and combinations 
(Table 3.6). The extent of differences was greatest for the region vs species interaction 
(R = 0.687; P = 0.001), followed by the main factors of species (0.661) and region 
(0.621), and was least, by far, for season (R = 0.386; P = 0.001) (Table 3.6). 
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Table 3.6  R-statistic and significance level (P) values for global comparisons in two-way 
crossed  ANOSIM  tests of  the  dietary  compositions of  Acanthopagrus  butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  in the  Upper  Swan  River  and 
Wilson Inlet in 2007. All comparisons are significant (P = 0.001). 
 
Factor  R  P  Combined factor  R  P 
Region  0.621  0.001  Species vs Season  0.594  0.001 
Species  0.661  0.001  Region vs Season  0.541  0.001 
Season  0.386  0.001  Region vs Species  0.687  0.001 
 
According to the results of PERMANOVA and ANOSIM, data were separated by 
season  (as  this  was  the  least  influential  factor)  and  separate  nMDS  ordinations 
performed within each. For easier visual interpretation, nMDS was done on the centroid 
data for each species in each region and season rather than on replicates created with the 
randomisation procedure. 
 
 
 
Figure 3.4  nMDS  ordinations  of  the  centroid  data  for  all  dietary  samples  collected  for 
Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum in the 
Upper  Swan  River  (open  symbols)  and  Wilson  Inlet  (closed  symbols)  in  (a) 
summer, (b) autumn, (c) winter and (d) spring of 2007. 
 
Following ordination of the samples collected in summer, the points for the three 
species in the Upper Swan River all lay extremely close to each other, while those for 
the three species in Wilson Inlet were as far away from each other and the cluster of 
Swan fish as possible (Fig. 3.4a). In this and the other three seasons,  the point for Chapter III 
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A. butcheri in Wilson Inlet lay on the right of each plot, far away from all other points, 
only joined by the point for the same species in the Upper Swan River in winter (Fig. 
3.4a-d). 
Points for L. wallacei and P. olorum tended to lie at similar distances to each 
other in autumn, winter and spring, with again an exception in winter, where the point 
for P. olorum in Wilson Inlet lay far from all other points in the bottom left hand corner 
of the ordination plot (Fig. 3.4c). 
Multivariate dispersion  was  greatest for the samples for A. butcheri in Wilson 
Inlet in both winter and spring (37.1 & 38.1, respectively; Table 3.7), while it was 
moderate for the same species in the Upper Swan River (21.9 - 27.1). Dispersion was 
low for L. wallacei in Wilson Inlet in all seasons but winter (i.e. 14.9 in summer; Table 
3.7). 
 
Table 3.7  PERMDISP values (mean ± 1 SD) for the samples for Acanthopagrus butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  in the  Upper  Swan  River  and 
Wilson Inlet in each season of 2007. F = 3.4; P = 0.002. 
 
Region/ 
Species, Season 
Upper Swan 
River 
Wilson 
Inlet 
A. butcheri     
Summer  21.9 ± 7.7   30.0 ± 9.2 
Autumn  25.4 ± 11.2   27.0 ± 5.3 
Winter  24.1 ± 7.4   37.1 ± 5.8 
Spring  27.1 ± 6.0    38.1 ± 17.7 
L. wallacei     
Summer  34.1 ± 3.4  14.9 ± 7.2 
Autumn  29.5 ± 7.0  17.5 ± 5.1 
Winter  31.5 ± 8.6  24.8 ± 9.1 
Spring  20.3 ± 7.8  17.4 ± 6.8 
P. olorum     
Summer  31.3 ± 6.8  34.8 ± 15.4 
Autumn  33.4 ± 11.0  22.9 ± 6.5 
Winter  27.8 ± 10.2  21.8 ± 8.7 
Spring  24.6 ± 6.6  30.6 ± 9.5 
 
In  the  Upper  Swan   River,  the  diet  of  A.  butcheri  was  distinguished  by 
polychaetes, bivalves and amphipods, while detritus and seagrasses distinguished the 
diet  of  this  species  in  Wilson  Inlet  (Table  3.8).  Leptatherina  wallacei’s  diet  was 
distinguished  by  copepods  and  polychaetes  in  both  regions,  while  other  arthropods 
further distinguished the diet of this species in the Upper Swan River. Polychaetes, 
other arthropods, copepods and amphipods distinguished the diet of P. olorum in the Chapter III 
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Upper Swan River, while in Wilson Inlet, the diet was distinguished by copepods and 
algae. 
 
Table 3.8  Dietary categories extracted by one-way SIMPER which distinguished between the 
dietary compositions of each pair of species vs region groups for Acanthopagrus 
butcheri,  Leptatherina  wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan 
River and Wilson Inlet in 2007. An asterisk (*) denotes those dietary categories 
which distinguished (were more abundant in) the species in the vertical column, 
while the absence of an asterisk denotes the reverse situation from those in the 
horizontal column. Typifying categories for each species vs region pair denoted in 
grey. USR = Upper Swan River; WI = Wilson Inlet. 
 
  A. butcheri 
USR 
A. butcheri 
WI 
L. wallacei 
USR 
L. wallacei 
WI 
P. olorum 
USR 
P. olorum 
WI 
A. butcheri 
USR 
Polychaetes 
Bivalves 
Amphipods 
         
A. butcheri 
WI 
Polychaetes* 
Amphipods* 
Bivalves* 
Seagrasses 
Detritus 
Seagrasses 
       
L. wallacei 
USR 
Copepods 
Amphipods* 
Bivalves* 
Polychaetes* 
O. arthropods 
Copepods 
O. arthropods 
Seagrasses* 
Copepods 
O. arthropods 
Polychaetes 
     
L. wallacei 
WI 
Copepods 
Amphipods* 
Bivalves* 
Copepods 
Polychaetes 
Seagrasses* 
Detritus* 
Polychaetes 
Copepods 
Other 
arthropods* 
Insects* 
Bivalves* 
Other material* 
Copepods 
Polychaetes 
 
   
P. olorum 
USR 
Bivalves* 
O. arthropods 
Amphipods* 
Algae 
Copepods 
Polychaetes* 
Polychaetes 
O. arthropods 
Seagrasses* 
Detritus* 
Polychaetes 
Copepods* 
Other arthropods 
Amphipods 
Algae 
Copepods* 
O. arthropods 
Amphipods 
Algae 
Polychaetes* 
Polychaetes  
O. arthropods 
Copepods 
Amphipods 
 
P. olorum 
WI 
Copepods 
Polychaetes* 
Bivalves* 
Amphipods* 
Copepods  Copepods 
O. arthropods* 
Polychaetes* 
Algae 
Insects* 
Other material* 
Polychaetes* 
Copepods 
Algae 
Copepods 
Polychaetes* 
O. arthropods* 
Algae* 
Amphipods* 
Copepods 
Algae 
3.4.5.2  Canning River 
The dietary data for the replicates of the three species of teleost in the Canning 
River was shown by PERMANOVA to differ significantly among species and seasons 
and the species vs season interaction was also significant (Table 3.9). The component of 
variation for species was much greater than those for season or the species vs season 
interaction. 
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Table 3.9  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels  (P)  for  the two-way  PERMANOVA  on the  dietary  data  for 
Acanthopagrus butcheri, Leptatherina wallacei and Favonigobius punctatus in the 
Canning River in each season between winter 2007 and autumn 2008. df = degrees 
of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  2  46216.0  46.528  37.73  < 0.001 
Season  3  2514.3  2.531  7.958   < 0.01 
Two-way interaction           
Species vs Season   6  4375.8  4.405  20.487  < 0.001 
Residual  86  993.29    31.516   
 
Two-way  crossed  ANOSIM  revealed  significance  for  both  main  factors,  i.e. 
species (R = 0.717; P = 0.001) and season (R = 0.247; P = 0.001) and all possible 
pairwise  comparisons  within  each  main  factor.  Greatest  differences  were  detected 
between A. butcheri and L. wallacei (R = 0.873; P = 0.001) for species and between 
summer and winter (R = 0.332; P = 0.001) for season. 
Following ordination, the samples for A. butcheri, using the centroids for each 
species in each season, were located on the left side of the plot, far from the points for 
the other two species on the right hand side of the plot (Fig. 3.5). 
The samples for L. wallacei lay in the top right hand corner of the plot, above 
those  for  F.  punctatus.  For  A. butcheri  in  the  Canning  River,  the  mean  dietary 
composition  in  winter  was  markedly  different  from  that  in  summer,  while  those  in 
spring and autumn showed much less separation. Winter and summer compositions of 
the diet for L. wallacei and F. punctatus were also more widely separated than those for 
the other seasons (Fig. 3.5). Multivariate dispersion of samples within a season was 
lowest in F. punctatus and A. butcheri in autumn (19.2; 22.4) and winter (24.7; 24.0), 
respectively, and in general highest for L. wallacei (27.7 – 31.5), with the exception of 
A. butcheri in summer (34.0) (individual samples for seasons not shown on Fig. 3.5) 
(Table 3.10). Chapter III 
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Figure  3.5  nMDS  ordination  of  the  centroid  data  for  all  dietary  samples  collected  for 
Acanthopagrus butcheri, Leptatherina wallacei and Favonigobius punctatus in the 
Canning River in each season between winter 2007 and autumn 2008. 
 
 
Table 3.10  PERMDISP values (mean ± 1 SD) for the samples for Acanthopagrus butcheri, 
Leptatherina wallacei and Favonigobius punctatus in the Canning River in each 
season between winter 2007 and autumn 2008. F = 1.08; P = 0.492. 
 
Species, Season  A. butcheri  L. wallacei  F. punctatus 
Winter  24.0 ± 12.7  31.5 ± 7.8  24.7 ± 8.0 
Spring  28.9 ± 8.0  27.7 ± 11.3  28.6 ± 12.7 
Summer  34.0 ± 13.1  30.0 ± 5.8  27.5 ± 9.4 
Autumn  22.4 ± 8.2  27.7 ± 11.5  19.2 ± 13.8 
 
One-way SIMPER revealed that bivalves typified the diet of  A. butcheri in each 
season, while algae were only not distinguishing in the winter (Table 3.11). The diet of 
A. butcheri was further typified by polychaetes in winter and autumn and by amphipods 
in winter and spring. The diet of L. wallacei was characterised by copepods and other 
arthropods  in  each  season,  and  additionally  by  amphipods  in  winter  and  spring. 
Amphipods typified the diet of F. punctatus in each season, while copepods further 
typified the diet in each season apart from summer (Table 3.11). Chapter III 
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Table 3.11  Dietary categories that characterised (provided along the diagonal, highlighted 
in dark grey) and distinguished (provided below the diagonal) the diets of (a) 
Acanthopagrus  butcheri,  (b)  Leptatherina  wallacei  and  (c)  Favonigobius 
punctatus in winter and spring 2007 and in summer and autumn 2008 in the 
Canning River as detected by one-way SIMPER. An asterisk (*) denotes those 
dietary categories that distinguished the species vs season group in the vertical 
column, while the absence of an asterisk denotes the reverse situation for those 
in  the  horizontal  column.  R-statistic  values  for  pairwise  comparisons  of  the 
same species vs season groups in one-way ANOSIM tests are given above the 
diagonal. n.s. = not significant. 
 
(a)  Winter  Spring  Summer  Autumn 
Winter  Bivalves 
Polychaetes 
Amphipods 
n.s.  n.s.  n.s. 
Spring 
n.s. 
Bivalves 
Amphipods 
Algae 
n.s.  n.s. 
Summer 
n.s.  n.s. 
Algae 
Bivalves  n.s. 
Autumn 
n.s.  n.s.  n.s. 
Bivalves 
Algae 
Polychaetes 
(b)         
Winter  O. arthropods 
Copepods 
Amphipods 
Rotifers 
0.257  0.263  0.482 
Spring  O. arthropods* 
Copepods 
Amphipods* 
Gastropods* 
Rotifers* 
Polychaetes 
Copepods 
O. arthropods 
Amphipods 
O. material  0.211  0.249 
Summer  Amphipods* 
Insects 
Copepods 
O. arthropods* 
Rotifers* 
Gastropods* 
Amphipods* 
O. arthropods 
Insects 
Copepods* 
Polychaetes* 
O. arthropods 
Copepods 
Insects  0.329 
Autumn  O. material 
Insects 
Amphipods* 
O. arthropods* 
Insects 
Copepods* 
O. material 
O. arthropods 
Amphipods* 
Polychaetes* 
O. material 
Insects 
Amphipods 
O. arthropods* 
Copepods* 
Gastropods* 
O. material 
O. arthropods 
Copepods 
Insects 
(c)         
Winter  Copepods 
Amphipods  n.s.  0.542  n.s. 
Spring 
n.s. 
Copepods 
Polychaetes 
O. arthropods 
Amphipods 
0.283  n.s. 
Summer  Copepods* 
Polychaetes 
O. arthropods 
Amphipods 
Copepods* 
O. arthropods* 
Amphipods 
Polychaetes 
 
Amphipods 
Polychaetes 
  0.480 
Autumn 
n.s.  n.s. 
Polychaetes*  
O. arthropods 
Copepods 
Amphipods* 
O. arthropods 
Amphipods 
Copepods Chapter III 
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3.4.5.3  Acanthopagrus butcheri and Leptatherina wallacei in the Upper Swan and 
Canning Rivers in winter and spring of 2007 
PERMANOVA on the replicate dietary data for A. butcheri and L. wallacei in the 
Upper  Swan  and  Canning  Rivers  in  winter  and  spring  2007  revealed  significant 
differences  in  dietary  composition  between  species,  seasons  and  regions,  with  the 
component of variation for species being greater than those for region and season and 
the interaction terms (Table 3.12). All two-way interactions were also significant in this 
analysis. The largest CoV for the interaction terms were for the region vs species and 
species vs season interactions, which were similar to the CoV for region and about 
double that for season (Table 3.12). 
 
Table 3.12  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the three-way PERMANOVA on the replicate dietary 
data for Acanthopagrus butcheri and Leptatherina wallacei in the Upper Swan 
and Canning Rivers in winter and spring 2007. df = degrees of freedom. 
 
  df  MS  Pseudo-F  CoV  P 
Main effects           
Region  1  6287.7  6.717  13.251  < 0.001 
Species  1  52469  56.053  41.121  < 0.001 
Season  1  3156.1  3.372  8.535  < 0.01 
Two-way Interactions           
Region vs Species  1  5088.8  5.436  16.508  < 0.001 
Region vs Season  1  3943.3  4.213  14.048  < 0.01 
Species vs Season  1  5293.2  5.655  16.910  < 0.001 
Three-way interaction           
Region vs Species vs Season  1  647.08  0.691  -6.158  0.637 
Residual  56  936.05    30.595   
 
Two-way crossed ANOSIMs for comparisons of dietary compositions between 
species,  regions and seasons showed significant results for all single  and combined 
factors (Table 3.13), which agreed with the results obtained from PERMANOVA. The 
extent of differences was greatest for species (R = 0.903; P = 0.001), followed by the 
region vs species (0.713) and species vs season (0.703) combined factors. On the basis 
of pairwise ANOSIM comparisons, only one non-significant comparison was detected, 
for A. butcheri between winter and spring across both regions (R = 0.114; P = 0.082). 
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Table 3.13  R-statistic and significance level (P) values for global comparisons in two-way 
crossed ANOSIM tests of the dietary compositions of Acanthopagrus butcheri 
and Leptatherina wallacei in the Upper Swan and Canning Rivers in winter and 
spring 2007. All comparisons are significant (P = 0.001). 
 
Factor  R  P  Combined factor  R  P 
Region  0.342  0.001  Species vs Season  0.703  0.001 
Species  0.903  0.001  Region vs Season  0.348  0.001 
Season  0.300  0.001  Region vs Species  0.713  0.001 
 
The nMDS ordination of  the centroid  data showed  a clear separation of the 
dietary composition of samples between species, with those for  A. butcheri lying in a 
diagonal from top to far bottom on the left hand side and those for L. wallacei located 
from centre to far right of the ordination (Fig. 3.6).  
 
Figure 3.6   nMDS ordination of the centroid data for the dietary samples for Acanthopagrus 
butcheri  and  Leptatherina  wallacei  in  the  Upper  Swan  (open  symbols)  and 
Canning (closed symbols) Rivers in winter and spring 2007. 
 
The samples were further separated by region, with those for the Upper Swan 
River lying above those for the Canning River in the case of A. butcheri, and the reverse 
was true for L. wallacei. The samples for winter (season 3) for each species in each 
region lay on the outside of the plot, apart from those for L. wallacei in the Upper Swan 
River (Fig. 3.6). 
Overall, samples from the Canning River showed higher multivariate dispersion 
than those collected in the Upper Swan River (Table 3.14). Samples for L. wallacei in 
both regions in winter showed higher dispersion (25.3; 28.5, respectively) than those for Chapter III 
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other combinations of species and seasons, with spring samples for the same species in 
the Upper Swan River showing the least dispersion (17.7). 
 
Table 3.14  PERMDISP values (mean ± 1 SD) for the samples for Acanthopagrus butcheri 
and Leptatherina wallacei in the Upper Swan and Canning Rivers in winter and 
spring 2007. F = 1.4; P = 0.298. 
 
Region/ 
Species, Season 
Upper 
Swan River 
Canning 
River 
A. butcheri     
winter  19.7 ± 5.1  21.5 ± 10.7 
spring  20.9 ± 5.1  24.3 ± 7.2 
L. wallacei     
winter  25.3 ± 8.9  28.5 ± 8.6 
spring  17.7 ± 6.5  22.8 ± 10.9 
 
Bivalves and amphipods typified the diet of A. butcheri in the Upper Swan and 
Canning  Rivers  in  both  seasons  according  to  one-way  SIMPER  (Table  3.15a). 
Polychaetes further typified the diet in the Upper Swan River in both seasons and in the 
Canning River in winter, while algae typified the diet in the Canning River in spring. 
Other arthropods and algae contributed to distinguishing the diets of A. butcheri in the 
Upper Swan between the two seasons, being more abundant in spring. Detritus in the 
diet  of  A.  butcheri  distinguished  between  the  two  regions  in  winter,  and  other 
arthropods distinguished between the two regions in spring, both categories being more 
abundant in the Upper Swan (Table 3.15a).  
The diet of L. wallacei was typified by copepods and other arthropods in all 
region vs season combinations, while amphipods were only not typifying the diet in 
spring (Table 3.15b). Insects further typified L. wallacei’s diet in both seasons in the 
Upper Swan River, while in the Canning River, rotifers typified the diet in winter and 
other material in spring (Table 3.15b). 
Gastropods  distinguished  the  diet  of  L.  wallacei  between  regions  in  winter, 
while other material distinguished the diet between regions in spring, both categories 
being more abundant in the diet in the Canning River (Table 3.15b). Polychaetes and 
rotifers distinguished the diet of L. wallacei in the Canning between the two seasons, 
rotifers being more abundant in spring, and polychaetes in winter. Chapter III 
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Table 3.15   Dietary  categories  that typified (provided  along  the  diagonal,  highlighted  in dark 
grey) and distinguished the diets of (a) Acanthopagrus butcheri and (b) Leptatherina 
wallacei  in  winter  and  spring  2007  in  the  Upper  Swan  and  Canning  Rivers  as 
detected by one-way SIMPER. An asterisk (*) denotes those dietary categories which 
distinguished the region vs season group in the vertical column, while the absence of 
an asterisk denotes the reverse situation for those in the horizontal column. 
 
(a)  Upper Swan 
River 
Winter 
Upper Swan 
River 
Spring 
Canning River 
Winter 
Canning River 
Spring 
Upper 
Swan 
River 
Winter 
Polychaetes 
Bivalves 
O. material 
Amphipods 
 
     
Upper 
Swan 
River 
Spring 
O. material* 
Amphipods* 
O. arthropods 
Polychaetes* 
Bivalves 
Algae 
 
Bivalves 
Polychaetes 
Amphipods 
Detritus 
   
Canning 
River 
Winter 
Bivalves 
O. material* 
Polychaetes* 
Amphipods* 
Detritus* 
Bivalves 
Algae* 
O. arthropods* 
Amphipods* 
Polychaetes* 
Detritus* 
 
Bivalves 
Polychaetes 
Amphipods 
   
Canning 
River 
Spring 
Algae 
O. material* 
Polychaetes* 
Bivalves 
Amphipods 
Algae* 
Polychaetes* 
Amphipods* 
O. arthropods* 
Bivalves 
Detritus 
Algae 
Bivalves* 
Amphipods 
Polychaetes* 
Bivalves 
Amphipods 
Algae 
(b)         
Upper 
Swan 
River 
Winter 
Insects 
O. arthropods 
Amphipods 
Polychaetes 
Copepods  
 
     
Upper 
Swan 
River 
Spring 
Copepods* 
Amphipods 
O. arthropods* 
Insects 
Polychaetes 
 
Copepods 
O. arthropods 
Insects     
Canning 
River 
Winter 
Insects* 
O. arthropods 
Amphipods* 
Copepods 
Rotifers 
Gastropods 
Polychaetes* 
 
Copepods* 
Amphipods 
Insects* 
O. arthropods 
Rotifers 
O. arthropods 
Copepods 
Amphipods 
Rotifers 
   
Canning 
River 
Spring 
Copepods 
Insects* 
O. arthropods* 
Amphipods* 
O. material 
 
Amphipods 
Copepods* 
Insects* 
O. arthropods* 
Polychaetes 
O. material 
O. arthropods* 
Copepods 
Amphipods* 
Gastropods* 
Rotifers* 
Polychaetes 
O. material 
Copepods 
O. arthropods 
Amphipods 
O. material  
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3.5  Discussion 
3.5.1  Water quality parameters 
Salinities in Wilson Inlet declined steadily with the onset of winter precipitation, 
and due to the bar not being opened in 2007, no great influx of saline water happened in 
that year. Potentially, this would have stressed stenohaline marine organisms inhabiting the 
estuary and also restricted the recruitment of marine species to Wilson Inlet in that winter, 
reducing the number of available prey organisms. Overall, the Upper Swan and Canning 
Rivers experienced a far greater influence of freshwater discharge in winter than Wilson 
Inlet, and these differences are also evident between different years (Loneragan & Potter 
1990), causing larger variations in salinity. Therefore, the environment in Wilson Inlet is 
more stable, which would facilitate the seasonal cyclical changes undergone by benthic 
macroinvertebrate species in Wilson Inlet, which were partly related to recruitment patterns 
of major taxa (Platell & Potter 1996). A study in Broke Inlet, a seasonally-open estuary 
nearby Wilson Inlet, investigated the benthic macroinvertebrate communities in different 
habitat  types  and  found  little  seasonal  change  in  their  compositions,  even  at  a  broad 
taxonomic  level,  and  concluded  that  these  species  were  tolerant  to  changes  in  the 
environmental conditions (Tweedley et al. 2012). The benthic macroinvertebrate fauna of 
estuaries  that  experience  unpredictable  and  great  changes  in  hydrology  exhibit  marked 
changes in their composition. For example, Kanandjembo et al. (2001) found seasonal and 
inter-annual  differences  in  benthic  macroinvertebrate  composition  in  the  Swan  estuary, 
related to fine-scale differences in environmental conditions. Seasonal differences in fish 
diets were not very pronounced in the Swan-Canning estuary or Wilson Inlet according to 
this  study,  which  suggests  that  fish  do  target  certain  prey  and  do  not  only  feed 
opportunistically on those prey which are abundant. 
The concentration of dissolved oxygen was generally lowest in the Upper Swan 
River, where it declined to 5 mg/l, which has been termed low in a study by Weisberg et al. 
(1997)  on  Chesapeake  Bay.  This  would  potentially  influence  the  local  benthic Chapter III 
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macroinvertebrates, as it has been shown that benthic macroinvertebrate communities are 
less  diverse  and  less  abundant  under  reduced  oxygen  conditions  and  absent  in  anoxic 
conditions  (Pearson  &  Rosenberg  1978).  Polychaetes  are  generally  more  resilient  to 
deteriorating  environmental  conditions,  while  crustaceans  and  molluscs  are  more 
susceptible  (Pearson  &  Rosenberg  1978;  Wilson  et  al.  1998;  Kemp  et  al.  2005).  Low 
oxygen levels may alter the feeding behavior of fish species, when they do not encounter 
sufficient prey in the usual locations and have to feed higher in the water column. 
3.5.2  Comparisons of the overall dietary compositions of selected species of teleost 
and their variations between regions 
The  results  from  this  study  of  the  diets  of  four  abundant  teleost  species  in  the 
estuaries of south-western Australia demonstrate that, overall, the dietary compositions of 
the four species differed markedly among species and among regions of the permanently-
open Upper Swan and Canning Rivers and the seasonally-open Wilson Inlet. Furthermore, 
each species underwent size-related changes in diet in each region, with the extents of these 
changes  varying  between  species.  These  differences  were  apparent,  even  though  the 
analyses were performed on dietary categories, rather than the species ingested. It should be 
recognised that, due to ingestion and mastication of prey by fish predators, it is frequently 
impossible to ascertain the species of prey. Furthermore, these differences were recorded in 
the  three  regions,  even  though  the  prey  diversity  is  potentially  much  lower  than  in 
nearshore  marine  environments.  Previous  studies  have  investigated  the  benthic 
macroinvertebrate community of the Upper Swan and Canning Rivers (Kanandjembo et al. 
2001; Valesini et al. 2009) and Wilson Inlet (Platell & Potter 1996), yielding 42, 69 and 41 
species, respectively, which is much lower than the 121 species found in the nearshore 
marine  environment  in  south-western  Australia  (Wildsmith  et  al.  2005).  Despite  the 
relatively low diversity of the available food resources, abundant members of the nearshore 
fish fauna of these estuaries partitioned their food resources, reducing the potential for 
competition for prey among those species. Chapter III 
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3.5.2.1  Acanthopagrus butcheri 
The dietary composition of Acanthopagrus butcheri varied considerably between 
the permanently-open Swan-Canning estuary and the seasonally-open Wilson Inlet, and 
also between the two rivers studied within the Swan-Canning estuary. The dominant items 
in the diet of A. butcheri were fauna, i.e. crustaceans and polychaetes in the Upper Swan 
and bivalves in the Canning River. However flora, almost exclusively the seagrass Ruppia 
megacarpa, was the dominant dietary item ingested by A. butcheri in Wilson Inlet. 
Among  the  crustaceans,  the  amphipods  Corophium  minor,  Paracorophium 
excavatum  (Corophiidae)  and  Grandidierella  propodentata  (Aoridae)  and,  among  the 
polychaetes, Ceratonereis aequisetis (Nereididae), were the most abundant dietary items 
ingested  by  A. butcheri  in  the  Upper  Swan  River.  In  a  study  of  the  benthic 
macroinvertebrates  by  Valesini  et al.  (2009), these species ranked 8
th, 10
th, 5
th and 1
st, 
respectively, in terms of mean density in the same region of the Upper Swan River sampled 
during this study, exhibiting mean densities of 17.4, 10.2, 22.4 and 136.5 individuals per 
0.1  m
2,  respectively.  In  terms  of  percentage  contribution  to  mean  density  of  benthic 
macroinvertebrates, they contributed 1.9, 1.1, 2.4 and 14.9 %, respectively. Among the 
bivalves, which closely followed the other fauna in percentage contribution to the diet of 
A. butcheri in the Upper Swan River, Athritica semen (Galeommatidae), which ranked 3
rd 
in mean density (68 individuals per 0.1 m
2; 7.4 % contribution to mean density) in the 
study by Valesini et al. (2009), was the most dominant bivalve in the diet. Contrasting to 
the results of Sarre (2000), where the mytilid bivalve Xenostrobus securis volumetrically 
dominated the diet of A. butcheri in the Swan River Estuary (40 % V), it was absent in the 
guts of A. butcheri in the present study, as well as in the benthic macroinvertebrate study by 
Valesini et al. (2009). These results imply that A. butcheri feeds more opportunistically, 
targeting  prey  which  is  abundant  in  its  habitat,  as  this  species  targeted  different  prey 
compared to ca 15 years ago, due to the present apparent very low density of Xenostrobus 
securis (Valesini et al. 2009). Chapter III 
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In the Canning River, the large contribution of bivalves to the diet of A. butcheri 
was  due to  the contribution  of  Sanguinolaria biradiata (Psammobiidae).  Bivalves  have 
muscular feet, that often protrude from the shell, attracting predators (Brusca & Brusca 
2003). It may also appear more palatable due to its relatively thin shell, compared to some 
other species of bivalves present in the region, such as Tellina deltoidales and Venerupis 
crenata (Linke, pers. obs.). The same species ranked tenth in terms of density of benthic 
macroinvertebrates  in  a  region  of  the  Swan  River  which  was  analogous,  in  terms  of 
environmental characteristics (which have been shown to be most influential in structuring 
estuarine faunal  communities), to  the region  sampled in  the Canning  River during this 
study (Valesini et al. 2009). 
The diet of A. butcheri in Wilson Inlet was characterised by flora, i.e. seagrasses 
(mainly Ruppia megacarpa) and detritus. Ruppia megacarpa is a very dominant seagrass 
covering much of the benthic habitat in the shallows in Wilson Inlet  (Carruthers et al. 
1999). This is consistent with the findings of Mariani et al.  (2002), who studied another 
species  of  sparid,  Diplodus  puntazzo,  in  an  Italian  coastal  lagoon  and  found  that  it 
consumed large amounts of Ruppia sp.. Teleosts made a substantial contribution to the diet 
of A. butcheri in Wilson Inlet (11.4 % V), but not in the Swan-Canning estuary, reflecting 
the smaller sizes  of  A. butcheri caught  in  the  latter estuary and therefore  their smaller 
mouth-gapes,  and  the  larger  sizes  of  A.  butcheri  caught  in  Wilson  Inlet,  which  would 
facilitate the ingestion of larger prey. Teleosts were never ingested by any of the other 
species, most likely due to the much smaller mouth-gapes and therefore morphological 
restrictions. 
The above findings suggests that A. butcheri feeds opportunistically on abundant 
prey in its habitat, which is consistent with findings by other workers studying the diets of 
sparids, i.e. previous studies of the diet of A. butcheri in the Swan-Canning estuary in the 
late 1990s and other estuaries on the south coast (Sarre et al. 2000; Chuwen et al. 2007). In 
his study, Sarre also concluded that acanthopagrids are well suited to life in intermittently-
open estuaries with their variable environmental conditions, as they are very tolerant to Chapter III 
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changes in environmental conditions (Partridge & Jenkins 2000) and exhibit a great dietary 
breadth and flexibility. 
3.5.2.2  Leptatherina wallacei 
  The diet of L. wallacei was less variable than that of A. butcheri among the three 
estuarine regions according to multivariate dispersion, which ranged from ca 44 – 59 for 
the former and from ca 40 - 64 for the latter species in the Upper Swan River and Wilson 
Inlet,  respectively  (Table  3.4).  Planktonic  crustaceans,  particularly  copepods,  were  the 
dominant dietary category ingested by this species in both the Swan-Canning estuary and 
Wilson Inlet. This finding is consistent with those of Prince et al. (1982), who studied five 
species  of  atherinid  in  the  Swan-Avon  estuary.  Each  of  these  species  was  regarded  as 
essentially carnivorous, and even though they all ingested benthic crustaceans (such as the 
amphipods Corophium minor, Paracorophium excavatum and the polychaetes Scoloplos 
simplex and Nereis sp.), of the five species of atherinid, L. wallacei ingested the smallest 
amount of benthic crustaceans and the contribution of planktonic crustaceans was much 
higher (i.e. 31 % V). This implies that L. wallacei feeds higher up in the water column than 
the other species. In this study in the Upper Swan and Canning Rivers, terrestrial insects 
were also important in the diet of this pelagic feeder (contributing close to 10 % V to the 
diet in each region), while, in Prince’s study, this species consumed 25 % V flying insects. 
This was not the case in Wilson Inlet, where polychaetes and molluscs were next 
most  abundant  in  the  guts  of  L. wallacei.  These  benthic  macroinvertebrates  have  been 
shown to dominate the fauna in the shallows of Wilson Inlet (Platell & Potter 1996), and 
their densities are correlated to the biomass of the seagrass R. megacarpa, which provides 
habitat complexity, shelter from predation and possibly a food source, as has been shown 
for  another  species  of  Ruppia  in  South  Africa  (Henninger  et  al.  2009).  Leptatherina 
wallacei therefore fed opportunistically on the abundant polychaetes, which emerge from 
the  benthos  at  night,  in  Wilson  Inlet,  a  result  which  is  supported  by  the  findings  of 
Humphries  &  Potter  (1993),  who  studied  the  diets  of  atherinids  in  Wilson  Inlet.  They Chapter III 
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reported  L.  wallacei  to  consume  mainly  calanoid  copepods,  but  also  large  amounts  of 
harpacticoid copepods, nereid polychaetes and larval bivalves. 
3.5.2.3  Pseudogobius olorum and Favonigobius punctatus 
Pseudogobius olorum consumed very similar dietary categories in the Upper Swan 
River and Wilson Inlet, but to differing extents, and exhibited a greater variation in diet 
between regions than L. wallacei. Crustaceans were the dominant category ingested, with 
amphipods and unidentified crustaceans (likely to have also been amphipods) dominating 
the diet in the Upper Swan River, while harpacticoid copepods were the outstandingly most 
important  component  of  the  diet  in  Wilson  Inlet.  Polychaetes  made  a  much  higher 
contribution to the diet of P. olorum in the Upper Swan River then in Wilson Inlet (23.9 vs 
3.4 % V), indicating their greater abundance compared to other prey items in the former 
region, while the contribution of algae to the diet was similar in both regions. This finding 
is consistent with the results of previous studies done on the benthic macroinvertebrate 
faunas  of  these  two  regions.  Polychaetes  (Ceratonereis  aequisetis  and  Leitoscoloplos 
normalis)  exhibited  the  greatest  mean  densities  out  of  all  benthic  macroinvertebrates 
recorded in the Upper Swan River in Valesini’s study (Valesini et al. 2009), while Platell & 
Potter (1996) reported polychaetes to be numerically abundant in Wilson Inlet, but in terms 
of biomass, molluscs dominated the benthic macroinvertebrate fauna. 
The diet of Pseudogobius olorum has been investigated in systems on the east coast 
of  Australia  and  in  the  Swan  River,  where  it  was  shown  to  consume  zooplankton, 
crustaceans, insects, detritus, plant material and mats of bacteria and fungi (Gill & Potter 
1993; Humphries & Potter 1993; Becker & Laurenson 2007). Polychaetes dominated this 
species’ diet in a saltmarsh on the east coast, where secondary items were detritus and 
insects, with only a small contribution of harpacticoid copepods (Platell & Freewater 2009), 
while detritus was by far the most dominant food category ingested, in each season, in a 
seasonally-open estuary (Surrey River) on the south-east coast (Becker & Laurenson 2007). 
Becker and Laurenson (2007) concluded that P. olorum has a narrow feeding niche. This Chapter III 
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study showed that P. olorum occupied a wider feeding niche in the Upper Swan River than 
in Wilson Inlet, possibly due to a greater abundance and diversity of prey in the latter 
region.  The  ingestion  of  detritus  and  polychaetes  indicates  that  P.  olorum  is  a  benthic 
feeder, and the ingested sediment found in this study was presumably largely due to the fish 
targeting harpacticoid copepods, which live within the upper sediment layer. Pseudogobius 
olorum tended to feed mainly on and within the substratum. Gobies have been shown to be 
benthophagous,  ingesting  a  relatively  large  amount  of  infauna  (polychaetes  and 
chironomids) in also northern hemisphere estuaries (Elliott et al. 2002). 
The diet of Favonigobius punctatus in the Canning River was the most specialised 
out of all species studied. Crustaceans, and in particular amphipods, dominated the diet of 
this  species  by  far  (64  and  30  %  V,  respectively),  and  only  polychaetes  also  made 
substantial contributions to the diet (15 % V). This finding is consistent with that of Gill 
(1996),  who  reported  that  F.  punctatus  fed  mainly  on  polychaetes  and  amphipods 
throughout  the  year.  Like  P.  olorum,  the  findings  from  the  current  study  show  that 
F. punctatus feeds mainly on the benthos/sediment surface, targeting specific prey items 
that are frequently encountered there.  
3.5.3  Size-related changes in diet of the four species 
Acanthopagrus butcheri exhibited the greatest size-related changes of all species, 
and these were most pronounced in the Canning River and in Wilson Inlet. This is partly 
due to the fact that A. butcheri is a long-lived species, which can attain large sizes and 
therefore was present with the most size-classes, while the other three species in this study 
have 1 - 2 year life-cycles and reach maximum lengths of ca 60 mm (Loneragan et al. 
1989; Sarre & Potter 2000; Gomon et al. 2008). Very small prey items such as copepods 
were never found in the stomachs of A. butcheri in this study, probably due to the fact that 
we did not collect guts from individuals < 50 mm in length. The increasing amount of 
Sanguinolaria biradiata in the diet of increasing sizes of A. butcheri (i.e. fish > 149 mm) in 
the  Canning  River  can  be  attributed  to  the  fact  that  an  increasing  mouth  gape  would Chapter III 
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facilitate the ingestion of this relatively large bivalve. A similar situation pertains with the 
ingestion of teleosts in Wilson Inlet, which were only consumed by A. butcheri > 199 mm. 
Amphipods,  which  are  relatively  small  crustaceans,  dominated  the  diet  of  A.  butcheri 
50-99 mm in length in the Canning River, but became less important with increasing size of 
fish and were not found in any A. butcheri > 299 mm in that region. The extent of size-
related changes in this species was least in the Upper Swan River, which was partly due to 
the  fact  that  only  four  individuals  > 249  mm  were  able  to  be  captured  in  this  region, 
therefore only five size-classes were analysed. 
The smaller three species also exhibited size-related changes, however, they were 
less pronounced than in A. butcheri, particularly for both small species in Wilson Inlet. 
Although in L. wallacei the combined contribution of calanoid and cyclopoid copepods to 
the  diet  of  the  2-3  size-classes  was  similar  in  all  three  regions,  i.e.  close  to  15  %  V, 
harpacticoid copepods contributed a further 18 % V to the diet of fish in both size-classes in 
Wilson Inlet, while their contribution was < 5.5 % V in the other two regions. In Wilson 
Inlet, the contribution of polychaetes to the diet of both size-classes of L. wallacei was 
> 30 % V, and was therefore the greatest contribution of this prey in any region, indicating 
the overall greater amount of benthic prey consumed. The greatest difference in the diet of 
this species amongst regions was apparent in the ingestion of insects. This prey increased in 
importance in the Upper Swan River with increasing size of fish, contributing ca 40 % V to 
the guts of fish 60–79 mm in length, while the reverse situation pertained in the Canning 
River, where the contribution declined from ca 20 % V in fish 20-39 mm in length to 
< 1 % V  in  60-79  mm  fish,  and  insects  were  almost  absent  (1  %  V)  in  the  diet  of 
L. wallacei  in  Wilson  Inlet.  This  could  be  related  to  the  larger  mouth  gape  in  larger 
L. wallacei, facilitating the ingestion of prey from the water surface, while in Wilson Inlet, 
sufficient  prey  items  were  available,  which  were  possibly  easier  to  capture  and  more 
nutritious (such as the abundant and fleshy polychaetes). 
The diet of P. olorum consisted almost exclusively of benthic organisms in both the 
Upper  Swan  River  and  Wilson  Inlet,  but  the  dietary  categories  that  contributed  were Chapter III 
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distinctly different. Polychaetes and amphipods were increasingly important in the diet of 
increasing size-classes of P. olorum in the Upper Swan River, collectively contributing ca 
58 % V to fish 40-59 mm in length, while both those categories contributed very little to 
the diet of both size-classes of this species in Wilson Inlet (e.g. collectively < 10 % V in 
fish 40-59 mm in length). Here, the contribution of harpacticoid copepods was very large in 
fish 20-39 and 40-59 mm in length (ca 52 and 44 % V, respectively). In the Upper Swan 
River,  the  contribution  of  harpacticoid  copepods  decreased  from  ca  28  %  V  in  fish 
0-19 mm in length to < 4 % V in the largest fish (40-59 mm). The contribution of algae 
showed reverse trends in both regions, increasing in importance with larger fish in Wilson 
Inlet (up to ca 28 % V in 40-59 mm fish), whilst decreasing in the Upper Swan River (from 
28.5 % V in fish 0-19 mm in length to 8.4 % V in 40-59 mm fish). This could be related to 
the fact that the smallest P. olorum in the Upper Swan River (0-19 mm) can easily ingest 
microalgae, as their gape size restricts the size of prey they can ingest, but can then change 
their  diet  to  ingesting  greater  amounts  of  faunal  prey,  as  their  gape  size  increases. 
Macroalgal abundance is much smaller in the Upper Swan River than in other, more marine 
parts  of  the  estuary  (Astill  &  Lavery  2004),  and  they  are  therefore  rarely  ingested  by 
P. olorum. In Wilson Inlet, macroalgae are abundant on the shallow sandy and silty benthos 
(Brearley  2005),  where  this  species  preferentially  feeds  on  harpacticoid  copepods,  and 
algae are therefore an easily ingested additional prey item. 
It  is  interesting  to  note  that  P.  olorum  consumed  considerable  amounts  of 
polychaetes  in  the  Upper  Swan  River,  where  L.  wallacei  consumed  relatively  small 
amounts of this prey, while in Wilson Inlet, the opposite situation prevailed. This could be 
related to the fact that L. wallacei fed higher in the water column in Wilson Inlet, and 
possibly  later  in  the  day,  when  polychaetes  emerge  from  the  sediment  as  observed  in 
catches obtained with the water light-trap (pers. obs.). 
The diet of Favonigobius punctatus was the most specialised of all species studied, 
with both size-classes of fish ingesting almost exclusively only fauna, which, in the larger 
fish  (40-59  mm),  consisted  of  100  %  V  benthic  organisms.  Smaller  F.  punctatus Chapter III 
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(20-39 mm) ingested a considerable amount of pelagic copepods (24 % V), due to their 
smaller mouth-gapes and the accompanying morphological constraints. 
3.5.4  Seasonal and spatial differences in dietary composition 
In  all  comparisons,  the  greatest  differences  in  diet  were  those  due  to  differences 
among  species  and  secondly,  those  due  to  differences  among  estuarine  regions.  The 
different habitats which characterise the study sites in the Upper Swan and Canning Rivers 
and  Wilson  Inlet  (see  Chapter  II)  would  provide  different  suites  of  prey  for  the  these 
abundant fish species, and this is reflected in the diets of these largely opportunistic fish 
species studied. 
Overall,  season  contributed  least  to  the  variation  in  dietary  compositions  of  the 
species studied in each of the regions studied. In the Canning River for example, the diet of 
A. butcheri did  not  differ significantly between any two season  combinations, and this 
finding  corresponds  to  the  results  of  Valesini  et  al.  (2009),  who  found  no  seasonal 
differences  in  the  benthic  macroinvertebrate  faunal  composition  in  the  corresponding 
habitat type in the Upper Swan River. In contrast, the study by Kananjembo et al. (2001) 
showed significant seasonal changes in benthic macroinvertebrate composition in the Upper 
Swan River, between seasons within one year and even between corresponding seasons of 
different years. This could be related to the fact that benthic macroinvertebrates can react to 
small variations in environmental, especially hydrological, variables, which have differed 
between  the  years  those  two  studies  were  undertaken.  Another  study  on  benthic 
macroinvertebrates in  Wilson Inlet (Platell & Potter 1996) detected cyclical changes in 
community structure. A study by Akin & Winemiller (2006) showed seasonal differences 
in diets of carnivorous and omnivorous fish species, but not in herbivorous fish, and in 
benthic macroinvertebrates, which was apparently due to shifts in resource availability (i.e. 
more amphipods and vascular plants available in summer). Chapter III 
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3.6    Conclusions 
This study has shown that, overall, the four abundant members of the nearshore fish 
fauna of the Swan-Canning estuary and Wilson Inlet partitioned the food resources, which 
reduced the potential for competition within each species. Although this study revealed the 
strong  dependence  on  benthic  food  sources  for  all  four  species  studied,  L. wallacei 
opportunistically also fed in the water column, including the surface of the water. Size-
related  changes  were evident for all species in  all  regions,  and were largely  related to 
changes in mouth morphology. The fact that resources are spread among species allows 
them to attain larger densities and biomass, which, especially in relation to the Black Bream 
A. butcheri, is of great value to recreational and commercial fishers. Chapter IV 
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4.  Food web structure in a permanently-open estuary on the lower west coast of 
Australia 
4.1  Abstract 
Stable carbon (δ
13C) and nitrogen (δ
15N) isotopes and fatty acid analyses were 
used to identify the trophic interactions in the Upper Swan River in Western Australia. 
Fatty  acids  were  traced  from  potential  food  sources  (i.e.  cyanobacteria, 
microphytobenthos, micro- and macroalgae, detritus and angiosperms) to higher trophic 
levels  (i.e.  polychaetes,  bivalves,  crustaceans,  insects)  and  ultimately  to  abundant 
members of the three nearshore fish species (Acanthopagrus butcheri - bentho-pelagic 
feeder,  Leptatherina  wallacei  -  pelagic  feeder  and  Pseudogobius  olorum  -  benthic 
feeder). The fatty acid profiles and δ
13C values of these three species differed, indicating 
different feeding habits and carbon sources. Multivariate analyses confirmed that the 
major differences in fatty acid composition were among the three teleost species, and 
also  between  seasons.  The  ratio  of  Docosahexaenoic  acid  to  Eicosapentaenoic  acid 
(DHA:EPA) decreased from pelagic to benthic feeding fish and their prey, indicating 
that fish with different feeding modes were deriving their fatty acids from a different 
primary source of nutrition. The DHA content of organisms accumulated with trophic 
level. This finding suggest that the DHA:EPA ratio may be a useful indicator of feeding 
mode. Stable isotope analyses of producers and consumers showed a general increase in 
δ
15N values with increasing trophic level. In general, A. butcheri had higher δ
15N values 
than the other two fish species. The depleted δ
13C values of L. wallacei suggest that it is 
deriving more carbon from terrestrial and pelagic sources such as terrestrial vegetation, 
insects and calanoid/cyclopoid copepods, while enriched δ
13C values of A. butcheri and 
P. olorum showed consumption of benthic carbon derived from amphipods, bivalves 
and  harpacticoid  copepods.  The  high  concentration  of  the  fatty  acid  18:1(n-7)  in 
P. olorum, which is found for example in chlorophytes and bacteria, underlined the 
importance of herbivorous feeding and benthic food sources in its diet. 
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4.2  Introduction 
To  gain  a  better  understanding  of  the  structure  and  functioning  of  aquatic 
ecosystems and to be able to better manage these socially and economically important 
water bodies, ecologists and managers are investigating, as one of many approaches, the 
flow of organic matter through and trophic relationships between members of the food 
web  (McLusky  &  Elliot  2004).  Knowledge  of  the  origin  of  energy  in  the  form  of 
nutrients and the pathways of energy transfer helps to elucidate feeding relationships, 
which  are  important  for  understanding  how  a  system  will  react  to  change,  and  to 
develop ecosystem models, such as ECOPATH (Christensen et al. 2000) and ultimately 
ecosystem management approaches. Climatic conditions, for example, can impact the 
suite of available prey and cause species to shift food sources. Quantitative knowledge 
of  trophic  interactions  can  have  practical  applications  in  the  management  and 
conservation of ecosystems. 
Biochemical  methods,  such  as  the  application  of  trophic  markers  of  stable 
isotopes  of  carbon  and  nitrogen  and  fatty  acids,  are  increasingly  combined  to  study 
feeding relationships in marine (e.g. Kharlamenko et al. 2001; Guest et al. 2008; Crawley 
et al. 2009), estuarine (Cook et al. 2004; Alfaro et al. 2006; Van den Meersche et al. 
2009)  and  freshwater  (Smoot  &  Findlay  2010)  ecosystems.  The  results  from  these 
approaches  complement  those  derived  from  the  traditional  approach  of  gut  content 
analyses, feeding observations and fecal analysis, which lack the information about long-
term dietary intake and the assimilation of nutrients over time (Michener & Schell 1994; 
Connolly et al. 2004; Hoffman et al. 2008).  
Studies  employing  stable  isotope  analyses  have  been  useful  in  assessing  the 
degradation and restoration of an ecosystem, as exemplified in research by Talley (2000) 
and Wozniak et al. (2006). These authors investigated the trophic ecology of benthic 
feeding fish to determine the effectiveness of marsh restoration techniques and found 
similar  stable  isotope  values  in  fish  from  restored  and  reference  sites,  which  was 
indicative  of  a  successful  attempt  at  restoration.  Fatty  acid  analysis  has  been  used 
successfully to identify the primary producers, which are the main source of nutrition in 
consumers.  From  fatty  acid  analyses,  Crawley  et  al.  (2009),  for  example,  identified Chapter IV 
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brown algae as the source of nutrition for an amphipod and two fish species, while stable 
isotope analysis, using carbon, nitrogen and sulphur, was not able to distinguish among 
the potential contributions of red, green and brown algae.  
The advantage of investigating stable isotope ratios of carbon of producers and 
consumers in an ecosystem lies in the relative ease of identifying the sources of carbon in 
the diet of a species, especially when they have very different δ
13C values, as is the case 
with for example seagrasses vs phytoplankton. The differentiation between terrestrially 
and marine derived carbon in the isotopic composition of an organism is possible due to 
the very different signatures of these sources, i.e. terrestrial and freshwater sources are 
depleted in the heavy isotope 
13C and exhibit more negative δ
13C values, while marine 
and benthic sources are enriched in 
13C and exhibit more positive δ
13C values (see for 
example Peterson & Fry 1987). This complements the use of fatty acid markers, which 
are more species specific and enable for example differentiation between certain groups 
of  primary  producers  (e.g.  between  chlorophytes  and  rhodophytes),  but  do  not  allow 
differentiation between autochthonous and allochthonous sources of carbon. 
Essential fatty acids are only biosynthesised in plants and therefore, if found in 
animals, can identify a contribution from a particular primary producer. Previously, the 
ratio of Docosahexaenoic acid to Eicosapentaenoic acid (DHA:EPA) has been used to 
distinguish between a diatom- or dinoflagellate-based diet in strictly herbivorous species, 
as well as to examine the degree of carnivory of a species (Scott et al. 2002; Dalsgaard et 
al. 2003). In this study, the use of the DHA:EPA ratio as a marker of feeding mode of 
estuarine fishes is evaluated. 
Fish  represent  a  potentially  valuable  tool  for  assessing  ecosystem  change  in 
estuaries as they reflect estuarine biogeochemistry via their carbon, nitrogen and sulphur 
isotopic composition, and hence provide an integrated view of the current status of the 
estuary (Fry 2006). The results from studies using biochemical markers to study trophic 
flows are more readily interpreted when additional information derived from gut content 
analyses (see Chapter III) are available (Stuart et al. 2004). 
Many  researchers  have  investigated  estuarine  food  webs  and  have  shown  that 
primary consumers are reliant on either detritus and seagrasses (Peterson et al. 1985; 
Kwak & Zedler 1997; Loneragan et al. 1997) or microphytobenthos and phytoplankton Chapter IV 
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(Currin et al. 1995; Hughes et al. 2000; Moens et al. 2002; Galvan et al. 2008) as a food 
source. Various food chains originate from these sources, for example detritus can be 
ingested by deposit-feeding invertebrates (Findlay & Tenore 1982), or the community of 
detritus-digesting  bacteria  and  microbes,  which  in  turn  are  food  for  other  organisms 
(Rublee 1982). Bottom dwelling fishes consume these detritivorous invertebrates and are 
themselves eaten by piscivorous fishes (Edgar & Shaw 1995; Melville & Connolly 2003). 
Alternatively,  filter-feeding  invertebrates  such  as  molluscs  can  ingest  phytoplankton 
(Officer et al. 1982; Prins et al. 1997) and zooplankton (Horsted et al. 1988; Wong et al. 
2003) and are themselves eaten by omnivorous fishes (Sarre et al. 2000; this study). 
Results from gut content analyses (Chapter III) showed that differences in dietary 
composition  were  greatest  between  species  (i.e.  A.  butcheri,  L.  wallacei,  P.  olorum, 
F. punctatus)  rather  than  location  of  capture  (i.e.  Upper  Swan  River,  Canning  River, 
Wilson Inlet) or season. These differences between species were related, at least in part, 
to location in the water column, as L. wallacei ingested the largest amount of pelagic prey 
and also insects on the water surface. All fish species preyed on the substrate surface on 
epi- and infaunal prey, but the contributions of dietary items at a finer taxonomic level 
differed substantially. Acanthopagrus butcheri exhibited the greatest plasticity in feeding 
habits, ingesting mainly crustaceans, molluscs and seagrasses in the Upper Swan River, 
Canning  River,  Wilson  Inlet,  respectively,  while  the  diet  of  L.  wallacei  and  the  two 
gobiids (P. olorum and F. punctatus) was dominated by crustaceans in all systems. For 
L. wallacei,  these  were  followed  in  contribution  by  insects  in  the  Upper  Swan  and 
Canning  Rivers  and  by  polychaetes  in  Wilson  Inlet,  while  for  the  two  gobiids, 
polychaetes were next important in contribution, regardless of location of capture. Size-
related differences in diet were present in each species, with A. butcheri exhibiting the 
most  pronounced  changes  due  to  greatest  morphological  variations  (i.e.  larger  mouth 
gape). 
In this study, the information derived from the application of biochemical markers 
to elucidate the feeding relationships of three fish species, was combined with the results 
derived from gut content analyses (Chapter III) to further the understanding of trophic 
niche partitioning between abundant members of the nearshore fish fauna of the Upper 
Swan River. Chapter IV 
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4.2.1  Aims of the study 
The aim of the present study was to gain insights into the trophic position and 
feeding ecology of Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius 
olorum in the Swan-Canning estuary. To achieve this aim, trophic markers, i.e. fatty 
acids  and  stable  isotope  signatures  (δ
15N  and  δ
13C),  were  used  to  trace  the  role  of 
various primary producers in the nutrition of members of the Sparidae, Atherinidae and 
Gobiidae in the Upper Swan River. The following hypotheses were evaluated: 
 
Hypothesis 1: Fish will utilise different food sources and different pathways of 
material  transfer  between  primary  producers  and  respective  fish  species  will 
occur,  and  this  will  be  reflected  in  stable  isotope  ratios  and  fatty  acid 
compositions that vary among species. 
 
Hypothesis  2:  Fish  species  will  undergo  seasonal  and  size-related  changes  in 
biochemical  composition  due  to  seasonal  changes  in  their  environment  and 
morphological changes with increasing size. 
4.3  Materials and methods 
4.3.1  Study area and sampling regime 
This study was conducted in the permanently-open Swan-Canning estuary on the 
lower west coast (between 115º45' and 116º10' E and 31º50' and 32º40' S) of south-
western Australia (see  Chapter  II). The fish  species collected for analyses  were the 
Black Bream Acanthopagrus butcheri, Wallace’s Hardyhead Leptatherina wallacei and 
the Bluespot goby Pseudogobius olorum. Fish were collected from nearshore, shallow 
waters (< 1.2 m depth) at three sites in the Upper Swan River in the Swan-Canning 
estuary. Sampling was  conducted  in the last month of each season of  2007 (i.e. in 
summer, autumn, winter and spring 2007). Potential prey items were collected from the 
Upper Swan River for stable isotope and fatty acid analysis in the summer and winter of 
2007 (for details of prey sampling see Chapter II). Macroalgae, a majot potential food 
source, were not able to be collected, since they were not observed at the sampling sites 
and not caught in the seine net. Chapter IV 
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Fish were collected between 10:00 and 19:00, with a 21.5 m seine net (ca 35 m
2 
surface area), consisting of two 10 m wings with 6 mm mesh and a 1.5 m wide bunt 
with 3 mm mesh (see Linke et al. 2001; Hourston et al. 2004; Hoeksema et al. 2009). 
Six individuals of each species were randomly selected from the total catch of each 
sample, encompassing the full length-range in the sample. Fish (A. butcheri, L. wallacei 
and P. olorum) were euthanased in an ice slurry and samples of tissue were removed, 
for biochemical analyses, within 24 h of initial collection. Collections were made under 
a Fisheries W.A. exemption (December 2007) and a Murdoch University animal ethics 
project R113/05. 
All  samples  for  stable  isotope  analyses  were  immediately  oven  dried  after 
sorting  (24  h;  60  °C),  while  all  samples  for  fatty  acid  analyses  were  stored  for  a 
maximum of 18 months at -80 °C.  
4.3.2  Laboratory analyses 
Each fish was measured to the nearest millimeter (total length; TL) and weighed 
(wet weight) to the nearest gram in the laboratory at Murdoch University. It has been 
common practice to  use dorsal  white muscle flesh  when investigating  the diet of  a 
species biochemically (Fry & Parker 1979; Rau et al. 1983; Rau et al. 1992; Thomas & 
Cahoon 1993; Cabana & Rasmussen 1994; Jennings et al. 1997), and this limits the 
variability of the lipid body compartment of the fish having an influence on the analysis 
(Hesslein et al. 1993; Trenkel et al. 2003). Therefore, white muscle flesh was dissected 
from the dorsal part of each fish with a scalpel. One subsample of muscle tissue was 
stored in a plastic Eppendorf vial and transferred directly to a drying oven for 24 hours 
at 60 °C. A second subsample of muscle tissue (of four of the six individuals) was 
stored in a glass vial with polytetrafluoroethylene (PTFE) coated lid and held at -80 °C 
for further fatty acid analyses.  
For all taxa except fish, if sufficient biomass of flora and fauna was available, two 
samples of each taxa were analysed for stable isotope and fatty acid composition. If 
insufficient material was available, only stable isotopes were analysed. 
Samples  of  benthic  macroinvertebrates  were  sorted  and  the  most  abundant 
species  (which  included  species  of  molluscs,  polychaetes  and  amphipods)  were Chapter IV 
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identified  under  a  dissecting  microscope  to  the  lowest  taxonomic  level  possible.  A 
pooled sample, consisting of up to 10 individuals of each abundant taxonomic group, 
was prepared for analyses. Epibenthic fauna were sorted in the laboratory and pooled 
samples of pelagic (calanoid/cyclopoid) and benthic (harpacticoid) copepods (up to 300 
individuals), mysids and fish larvae (up to 10 individuals) were used for analyses. Note 
that  copepods  were  sometimes  sorted  for  more  than  one  day  (up  to  3  days)  after 
sampling, during which time the organisms were kept alive in cooled estuary water. For 
microphytobenthos, the top centimeter of sediment was separated from the frozen core 
in the laboratory and used for analysis. The sample of insects was sorted, identified to 
family and a pooled sample of up to five individuals of each family used for analysis. 
Reference samples for seston and sPOM were examined under a compound microscope 
(i.e. samples from the middle sampling site in summer and winter) to determine the 
percentage contributions of diatoms, dinoflagellates, particulate organic and inorganic 
material, zooplankton and plant material to the total seston volume (tSV). 
For stable isotope analyses, all samples were dried at 60 °C for 24 h immediately 
after sorting, ground to a fine powder using mortar and pestle and crimped into tin 
capsules according to the following target weights: 1 mg for animal tissue, 2-6 mg for 
plant  tissue  and  10-75  mg  for  sediment  samples.  These  were  arranged  on  96  well 
microtiter plates and sent to the Stable Isotope Facility at the University of California, 
Davis, for analysis. 
To determine if samples needed to be acid treated prior to measurement to remove 
inorganic carbonates (which are present for example in diatom valves or crustacean 
exoskeletons) (see Jacob et al. 2005; Carabel et al. 2006), a separate experiment was 
conducted with at least five replicates each of treated and untreated samples of three 
different  species  of  crustaceans,  i.e.  a  decapod  and  two  species  of  isopod, 
microphytobenthos, detritus and the six different seston size-fractions. Samples were 
analysed prior to and after being placed in a desiccator containing 32 % hydrochloric 
acid  for  fumigation  for  24  hours.  The  results  of  ANOVA  revealed  significant 
differences in the δ
13C
 values only for the seston samples (data not shown). These were 
therefore analysed separately for the two stable isotope ratios, i.e. δ
15N prior to acid 
fumigation and δ
13C after fumigation (Serrano et al. 2008).  Chapter IV 
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Samples were analysed for N and C content (%), δ
15N and δ
13C, using a PDZ-
Europa ANCA-GSL elemental analyser interfaced to a PDZ Europa 20/20 continuous 
flow isotope-ratio mass-spectrometer (EA-IRMS; Sercon Ltd., Cheshire, UK). Samples 
were  combusted at  1020 °C in  a reactor packed with  chromium  oxide and silvered 
cobaltous/cobaltic oxide. Following combustion, oxides were removed in a reduction 
reactor (reduced copper at 650 °C) and the helium carrier flowed through a water trap 
(magnesium perchlorate) and an optional CO2 trap (for N-only analyses). Nitrogen and 
CO2 were separated on a Carbosieve GC column (65 °C, 65 mL/min) before entering 
the IRMS. During analysis, samples were interspersed with several replicates of at least 
two different calibrated laboratory standards, against which the final isotope ratios were 
calculated. 
Additional  samples  (i.e.  those  of  terrestrial  vegetation)  were  analysed  at  the 
West  Australian  Biogeochemistry  Centre  (WABC)  using  an  Automated  Nitrogen 
Carbon  Analyzer-Mass  Spectrometer  consisting  of  a  20/20  mass  spectrometer 
connected with an ANCA-S1 preparation system (Europa Scientific Ltd., Crewe, UK). 
All δ
13C values are given in per mil [‰, VPDB] according to delta notation and all δ
15N 
values are given in per mil [‰, Air] according to delta notation, see e.g. Paul et al. 
(2007).  Multi-points  normalisation  was  used  in  order  to  reduce  raw  values  to  the 
international scale (Paul et al. 2007). Normalisation was done based on international 
standards  provided  by  the  International  Atomic  Energy  Agency  (IAEA),  for  δ
13C: 
NBS22, USGS24, USGS40 and for δ
15N: N1, N2, USGS40 and laboratory standards. 
Values of international standards for carbon (δ
13C) are based on Coplen et al. (2006). 
The external error of analyses (1 standard deviation) was not more than 0.15 ‰ for δ
13C 
and 0.30 ‰ for δ
15N. See Paul & Skrzypek (2006) for a description of the analytical 
technique  for  error  analyses.  The  δ-value  of  a  sample  is  defined  as  the  relative 
difference in part per thousand (‰, per mill), between the isotope ratio of the sample 
(RSpl) and the reference standard (RStd) as per the following equation: 
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where R is the concentration ratio of heavy to  light isotope, e.g. 
13C/
12C
 for 
carbon or 
15N/
14N for nitrogen. The data was not corrected for lipid content as suggested 
in Hobson et al. (2002), as the lipid content of the animals was relatively low, i.e. close 
to 3 % of dry weight (DW) in the fish species. 
The number of trophic levels within a system were determined by calculating the 
mean δ
15N value of all primary producers sampled within one season (i.e. the baseline 
value),  which  was  taken  as  the  trophic  level  one.  Fractionation  of  3.4  ‰  between 
trophic levels was assumed (Vander Zanden & Rasmussen 2001). The mean δ
15N value 
for each fish species was calculated in each season. The difference in δ
15N between the 
baseline value and the mean for each fish species was divided by 3.4 to determine the 
number of trophic levels within a system in both summer and winter. 
The  fatty  acid  samples,  i.e.  muscle  tissue  of  A. butcheri,  L.  wallacei  and 
P. olorum,  as  well  as  their  potential  prey  (21  invertebrate  species)  and  primary 
producers (5 species, 5 seston size-fractions, sPOM and detritus), were stored frozen at 
-80  °C  during  2007,  then  freeze-dried  (lyophilisation;  Heto  CD4)  for  24  hours  and 
transported on dry ice in thick-walled styrofoam containers to the lipid laboratory at the 
Institute  for  Hydrobiology  and  Fisheries  Science  at  the  University  of  Hamburg  for 
further processing. After repeated lyophilisation (Christ, LOC 1M, Alpha 1-4), dry mass 
of fish and prey items was determined using a Sartorius SE 2 micro-balance (± 1 µg). 
During weighing procedure, samples were temporarily stored in a desiccator to prevent 
unequal condensation on the tissue. Tricosanoic acid (23:0) was added as an internal 
standard prior to extraction to be able to calculate the lipid content of each sample in 
percent of dry weight, and the sample was then stored at -24 °C for at least 24 hours. 
Lipid extraction followed the methodology described in Folch et al. (1957) and (Hagen 
2000)  with  minor  modifications.  Small  samples  were  transferred  into  4  ml 
dichloromethane:methanol (2:1 v:v), while larger samples were placed in 8 ml solvent 
mix.  Each  sample  was  homogenised  in  an  ultrasonic  disruption  bath  twice  for  30 
seconds  each.  For  fish,  a  Potter  homogeniser  was  used  for  30  seconds  prior  to 
ultrasound,  to  ensure  the  quantitative  extraction  of  lipids.    This  was  followed  by  a 
washing  procedure  with  aqueous  KCl  solution  (0.88  %),  adding  2  and  4  ml  to  the Chapter IV 
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smaller and larger samples, respectively. Samples were agitated for 30 seconds and 
phase separation occurred afterwards. The samples were placed in a centrifuge for 10 
min at 2 °C and at ca 2500 r/sec. The lower, lipid-containing phase was then placed in a 
clean vial and the solvent evaporated under nitrogen. An additional centrifugation step 
was added prior to the washing procedure for the seston and sPOM samples to remove 
GF/C filter remains. For fatty acid analyses, a subsample of total lipids was hydrolysed 
and the fatty acids (FAs) were converted to their methyl ester derivatives (FAMEs) in a 
solution of methanole and 3 % concentrated sulphuric acid at 80  °C for four hours 
(Kattner & Fricke 1986). Once cooled, 2 ml of aqua bidest. was added, and FAMEs 
were extracted three times with 1 ml hexane. 
Samples were analysed using a gas chromatograph (HP 6890A), equipped with a 
DB-FFAP column (30 m length, 0.25 mm inner diameter, 0.25 µm film thickness), 
operated with a temperature program and helium as carrier gas. Samples were injected 
using a programmable temperature vaporiser injector (solvent vent mode). The FAMEs 
and  fatty  alcohols  (FALs)  were  detected  by  flame  ionisation  and  identified  by 
comparing retention times with those derived from standards of known composition. 
The accurate identification of the substances was checked for selected peaks using a 
gas-chromatography  mass-spectrometer  (GC-MS).  Unidentified  peaks  were  also 
quantified. Further analyses need to be carried out with a GC-MS in future to identify 
their structure, as they were most likely not fatty acids.  
The  naming  of  fatty  acids  throughout  this  thesis  follows  the  IUPAC-IUB 
Commission on Biochemical Nomenclature (1967, 1977) shorthand notation of fatty 
acids z:y(n-x) where: 
z = number of carbon atoms in the acyl chain 
y = number of double bonds 
n = chain length 
x = number of carbon atoms from the last double bond to the terminal methyl 
group 
The GC outputs data on peak identification and area of fatty acids, fatty alcohols 
and unidentified peaks according to retention times, which are recorded by the software 
CHEMSTATIONS  on  an  interfaced  computer.  The  identification  of  peaks  was  first Chapter IV 
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checked  against  an  inbuilt  calibration  table  and  the  resultant  data  for  each  sample 
exported into Excel for Windows. The percentage contributions of fatty acids and fatty 
alcohols to the total lipid content were calculated, but only the data for fatty acids were 
used  for  further  analyses.  A  cut  off  of  ≥  1  %  contribution  to  the  total  fatty  acid 
composition was chosen for fatty acids to be included in further calculations. Fatty acid 
percentage contribution data are presented as percent of total fatty acids (% tFA). 
4.3.3  Statistical analyses 
Stable isotope data were checked for normal distribution using the Kolmogorov-
Smirnov test (data not shown). Mean values (± 1 SD, standard deviation) of δ
15N and 
δ
13C were calculated for each taxa in each season, and values for prey and primary 
producers  are presented in  Appendix A.  Due to insufficient  number of samples,  no 
statistical tests were performed to test for significant differences in mean δ
15N and δ
13C 
values for prey items and primary producers, as these were only sampled to trace δ
15N 
and δ
13C through the food chain. To be able to calculate the number of trophic levels 
within the system, the mean δ
15N value of all primary producers sampled within one 
season  (i.e.  the  baseline  value)  was  calculated  and  taken  as  the  trophic  level  one. 
Fractionation  of  3.4  ‰  between  trophic  levels  was  assumed  (Vander  Zanden  & 
Rasmussen 2001). 
Differences in δ
15N and δ
13C of fish species in the Upper Swan River were 
analysed on the Euclidean distance matrix derived from square root transformed data 
using Permutational analysis of variance (PERMANOVA) in the PRIMERv6 package 
(Anderson 2001; Anderson et al. 2008). PERMANOVA does not rely on the data being 
normally distributed and extracts the factors most influential in structuring the data by 
assigning them components of variation of differing magnitudes (Anderson et al. 2008). 
The magnitude of the component of variation indicates the influence of a particular 
factor on the structure of the data. 
 The  PERMANOVA  comparison  used  a  2-way  crossed  design  of  species 
(3 levels, i.e. Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum) 
vs season (4 levels, i.e. summer, autumn, winter and spring 2007) in the Upper Swan 
River,  with  both  factors  considered  fixed.  The  pairwise  PERMANOVA  test  was Chapter IV 
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employed to further investigate significant interactions in these analyses. Within each of 
the  three  levels  of  the  factor  “species”,  comparisons  were  performed  between  each 
season pair, and for each of the four levels of the factor “season”, comparisons were 
performed for each species pair, to see where the main differences lay. 
To  investigate  size-related  changes  in  isotopic  composition,  one-way 
PERMANOVAs were performed on data for the different size-classes of each species, 
separately  for  δ
15N  and  δ
13C.  To  overcome  the  problem  of  some  size-classes  only 
containing two samples, regression analysis were performed on “continuous”  length 
data  for  each  species.  To  visualise  the  extent  of  size-related  changes  in  isotopic 
composition,  data  were  averaged  for  each  size-class  of  each  species,  square  root 
transformed  and  a  Bray-Curtis  similarity  matrix  was  then  constructed  using  the 
PRIMERv6  software.  The  resultant  matrix  was  subjected  to  non-metric 
multidimensional scaling ordination (nMDS).  
Mean lipid content (± 1 SD), comprising fatty acids (FAs), fatty alcohols (FALs) 
and unidentified compounds, in percent of dry weight (% DW), was calculated for each 
taxa in each season. The percentage contribution of FALs to the total lipid content was 
reported, but they were not used in further analyses, as they made low contributions and 
are not very well suited as trophic markers. In fish species, unidentified compounds 
never contributed > 4 % DW to the lipid content, while generally highest contributions 
were found in the annelida (ca 25 % DW). Statistical analyses are based on identified 
FAs contributing > 1 % to the total fatty acid composition of each sample. Fatty acid 
composition  is  reported  for  each  FA  in  percent  of  total  FAs  (% tFA).  Mean  FA 
composition (± 1 SD, standard deviation; % tFA) of each fish species and prey taxa in 
each season was calculated and presented in Appendix A (Tables A4.2 - A4.7). Mean 
fatty acid composition (± 1 SD, % tFA) was also calculated for each fish species and 
abundant primary producer and consumer group (i.e. angiospermae, detritus, sPOM, 
seston, polychaetes, copepods, amphipods, carid decapods (hereafter called decapods), 
insects and fishlarvae) in summer/autumn and winter/spring, respectively, and presented 
within the text.  
To investigate the DHA:EPA ratio, which is tested as a marker for feeding mode 
in this study, in prey organisms, these were grouped into terrestrial, pelagic and benthic Chapter IV 
87 
flora  and  fauna  (prey  categories),  respectively.  Terrestrial  flora  and  fauna  exhibited 
DHA:EPA ratios of zero or negative values and were therefore left out of the analyses. 
Data for the DHA:EPA ratio of the prey categories were square root transformed, a 
Euclidean distance  matrix was constructed and a two-way PERMANOVA was run with 
a fully crossed design on category (4 levels; pelagic flora, pelagic fauna, benthic flora, 
benthic fauna) vs season (2 levels; summer/autumn and winter/spring 2007). 
Percentage contribution of 20:4(n-6) (± 1 SD), which has been proposed as a 
marker  for  benthic  systems  (present  for  example  in  various  groups  of  macroalgae) 
(Kuusipalo & Käkelä 2000; Käkelä et al. 2005), in prey and primary producers was 
graphed to assess the influence of benthic food sources in the diet of fish species. 
Percentage composition data for the ten most abundant FAs for the three fish 
species were square root transformed, a Bray-Curtis-similarity matrix was constructed 
and a two-way PERMANOVA was run with a fully crossed design on species (3 levels; 
Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum) vs season (4 
levels;  summer,  autumn,  winter,  spring  2007).  Since  significant  interactions  were 
detected between the two main factors species and season, pairwise PERMANOVA 
tests, comparing each possible combination of one factor within each level of the other 
factor, were then run to determine where the main differences lay. To visualise the 
extent of seasonal changes in fatty acid composition in each species, nMDS ordination 
was performed on the data averaged for each species in each season. Those fatty acids, 
which contributed the most to the total fatty acid composition of each fish species, were 
overlaid  as  vectors  on  the  ordination  plot.  The  longer  the  vector,  the  higher  is  the 
correlation between the MDS axes and the particular fatty acid. Similarities percentages 
(SIMPER) was then employed to extract the fatty acids typifying a priori groups or 
distinguishing between those where significant differences had been detected. 
  Size-related changes in fatty acid composition were investigated by employing 
PERMANOVA  in  PRIMER  on  the  similarity  matrix  derived  from  square  root 
transformed data for the mean fatty acid composition of the different size-classes of the 
three fish species, followed by visualising the patterns using nMDS ordination. 
For  the  purpose  of  comparison  and  interpretation,  results  from  gut  content 
analyses  from  Chapter  III  were  presented.  The  dietary  items  were  aggregated  into Chapter IV 
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groups of pelagic and benthic flora and fauna (major dietary groups), and the mean 
volumetric contribution in percent of total gut volume (% V) of each major group to the 
diet of each fish species in each season of 2007 was calculated. 
4.4  Results 
4.4.1  Seston sample composition 
The seston samples, averaged over all size-fractions, contained less particulate 
organic material (i.e. detritus) in summer (57 % of total seston volume; tSV) than in 
winter (71 % tSV). Dinoflagellates were present only in summer (15 % tSV), whereas 
diatoms and particulate inorganic matter made similar contributions in both seasons (ca 
10  %  tSV  in  summer  and  winter,  respectively).  All  other  components  contributed 
< 10 % tSV. A sPOM sample in summer contained 40 % particulate inorganic material, 
30 % diatoms and 30 % particulate organic material (data not shown). 
4.4.2  Stable isotopic composition of prey and primary producers 
The δ
15N values of primary producers (11 species) and detritus ranged from 3.8 
(detritus, winter) to 9.9 ‰ (50-73 μm seston fraction, summer), while those for δ
13C 
ranged from -22.0 (sPOM, summer) to -30.1 ‰ (water, summer). The δ
15N and δ
13C 
values of potential prey (consumers: 23 species) also varied greatly and for δ
15N ranged 
from 4.5 (cyclopoids, summer) to 16.8 ‰ (fishlarvae, winter) and for δ
13C from -34.6 
(calanoids, winter) to -21.1 ‰ (ostracod sp. 1, winter) (Fig. 4.1a-d; Appendix A, Table 
A4.1, subsequently referred to as Table A4.1). 
The baseline values for δ
15N, which were derived from the mean δ
15N value of 
all primary producers in each season, were similar in both summer and winter, i.e.7.1 
and 6.3, respectively. Compared to those baseline values, and taking into account a 
trophic fractionation of 3.4 ‰ per trophic level (Vander Zanden & Rasmussen 2001), 
the food web spanned ca 3 trophic levels between primary producers and fish species 
(Fig. 4.1a, b). Except for the decapods, which occupied the same trophic level (3-4) as 
the predatory fish species, some invertebrate species occupied trophic level two to three 
(i.e. annelids and isopods). 
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The remaining invertebrates were generally located between trophic level one and two. 
The greatest  seasonal variation in  trophic level  was  observed in  calanoid  copepods, 
which were located close to the base of the food web in summer/autumn (ca 5 ‰), 
while they were situated closer to the top of the food web in winter/spring (ca 13 ‰). 
Primary producers, constituting the lowest trophic level, were more dispersed in regards 
to their δ
15N values in winter than in summer (Fig. 4.1a, b). 
Sources of carbon differed markedly from each other in summer, when the range 
between the most depleted sources (angiosperms and seston) and the most enriched 
source (sPOM) was much greater than in winter (ca 6 ‰ vs < 2 ‰, respectively).  
In  summer,  calanoid  copepods  had  very  similar  δ
15N  and  δ
13C  values  to 
angiosperms (4.4 and -29 ‰; 5.0 and -30 ‰, respectively) (Fig. 4.1a, c; Table A4.1). 
Seston, bivalves and fishlarvae also displayed similar δ
13C ratios, but the δ
15N ratio 
increased  greatly  in  that  order  (from  8.3  in  seston  to  14.8  ‰  in  fishlarvae). 
Cyanobacteria  and  detritus  had  similar  δ
13C  values  to  amphipods,  gastropods  and 
annelids, while the δ
15N increased for consumers in that order (from 8.7 in amphipods 
to 11.3 ‰ in annelids). Sedimentary particulate organic material (sPOM) showed the 
greatest variation in δ
13C, but the mean value was very close to that of isopods, which 
exhibited a high δ
15N value (12.9 ‰). Fish species had very similar δ
15N and δ
15C 
values to decapods, and intermediate δ
15C values compared to above mentioned primary 
producers, suggesting that a combination of primary producers provided their ultimate 
source of carbon. 
In  winter,  detritus,  sPOM,  cyanobacteria,  annelids  and  decapods  all  displayed 
similar δ
13C values (between -24.7 and -25.9 ‰), while their δ
15N value increased in 
that  order  from  3.8  to  15.2  ‰  (Table  A4.1;  Fig.  4.1b,  d).  Similar  to  the  situation 
recorded in summer, fishlarvae and pelagic copepods exhibited the most negative δ
15C 
values  (-31.4  and  -34.6  ‰,  respectively),  and  both  displayed  greatly  elevated  δ
15N 
values (12.9 and 16.8 ‰, respectively). Fish species were again most similar in isotopic 
composition to decapods. 
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Figure 4.1  δ
15N  (a,  b)  and  δ
13C  values  (c,  d)  [‰  ±  1  SD])  of  primary  producers, 
invertebrates and fish species in the Upper Swan River in (a, c) summer/autumn 
and (b, d) winter/spring of 2007. Sample sizes in parentheses. Note: no δ
15N 
value was available for seston in winter/spring. 
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4.4.3  Stable isotopic composition of A. butcheri, L. wallacei and P. olorum 
The  δ
15N  and  δ
13C  values  of  the  three  fish  species  showed  little  intra-  and 
interspecific variation. The mean δ
15N values ranged from 14.2 to 16.0 ‰ and the mean 
δ
13C values ranged from -28.6 to -26.0 ‰ (Fig. 4.1a-d; Table 4.1). 
 
Table 4.1  Means (± 1 SD) of fish tissue (a) δ
15N and (b) δ
13C stable isotopic composition in 
the Upper Swan River in each season of 2007. n = 18 in all except 2 cases where it 
was 17 (A. butcheri in winter). The range of values is shown in parentheses. 
 
  Mean value (± 1 SD) 
Species  Summer  Autumn  Winter  Spring 
(a) δ
15N (‰)         
A. butcheri  15.6 ± 0.5   16.0 ± 0.4   15.9 ± 0.5   15.7 ± 0.5  
  (15.0 – 16.6)  (15.0 – 16.7)  (15.0 – 16.5)  (14.7 – 16.6) 
L. wallacei  16.2 ± 0.9   15.6 ± 0.9   15.2 ± 0.9   15.3 ± 1.0  
  (15.7 – 16.7)  (13.0 – 16.5)  (12.7 – 16.4)  (12.9 – 16.8) 
P. olorum  14.7 ± 0.4   14.8 ± 0.3   14.2 ± 1.7   14.6 ± 0.4  
  (14.2 – 15.5)  (14.2 – 15.3 )  (11.6 – 16.1)  (12.2 – 15.7) 
(b) δ
13C (‰)        –   
A. butcheri  -26.4 ± 1.5   -26.0 ± 1.3   -26.5 ± 0.5   -26.7 ± 1.3  
  (-29.5  –  -24.1)  (-29.9 – -23.5)  (-29.4 – -21.7)  (-28.6 – 24.3) 
L. wallacei  -27.8 ± 1.4   -28.1 ± 2.1  -28.6 ± 0.9   -28.1 ± 1.3  
  (-31.0 – -24.6)  (-33.8 – -25.2)  (-30.6  – -26.3)  (-31.7 – -26.5) 
P. olorum  -26.3 ± 0.9   -27.2 ± 1.4   -26.3 ± 1.7 (18)  -27.3 ± 0.9  
  (-27.8 – -24.6)  (-30.5 – -25.2)  (-29.0 – -14.8)  (-28.4 – -26.4) 
 
Overall, the δ
15N values of all fish collected in the Upper Swan River ranged from 
11.6 to 16.8 ‰ and therefore spanned ca 1.5 trophic levels, assuming an enrichment of 
ca 3.4 ‰ per trophic level. The majority of samples varied within the range of one 
trophic level (data not shown). 
PERMANOVA tests on the Euclidean distance matrices derived from the stable 
isotopic composition of the three fish species revealed that the isotopic values differed 
among species and seasons, while the species vs season interaction was not significant 
(Table 4.2). 
Pairwise PERMANOVA tests revealed that, within each season, each possible 
pairwise  species  comparison  was  significant.  For  both  L. wallacei  and  P.  olorum, 
seasonal differences  were apparent  in  two out  of the six possible pairwise seasonal 
comparisons  (all  involving  summer),  but  no  significant  seasonal  differences  were 
detected for A. butcheri. 
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Table 4.2  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  two-way  PERMANOVA  on  the  stable  isotopic 
composition of Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius 
olorum in the Upper Swan River in each season of 2007. df = degrees of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  2  1.043  34.41  0.014  0.001 
Season  3  0.071  2.333  0.0008  <0.05 
Two-way interaction           
Species vs Season  6  0.041  1.348  0.0006  0.187 
Residual  201  0.030    0.030   
4.4.4  Size-related changes in stable isotopic composition in A. butcheri, L. wallacei 
and P. olorum 
One-way PERMANOVAs on the nitrogen and carbon stable isotopic composition 
of the different size-classes of fish across all seasons showed that, for both A. butcheri 
and L. wallacei, the δ
13C values differed significantly among size-classes, but not for 
δ
15N. The stable isotopic values of P. olorum differed significantly between the two 
size-classes for nitrogen only (Table 4.3, Fig. 4.2a-c). When the relationships between 
length and stable isotope values were investigated for each species, the only difference 
from  the PERMANOVA results  based on size-classes  was  that, for  L. wallacei,  the 
slope of the regression line for δ
15N values differed significantly from zero (Fig. 4.3). 
 
Table 4.3  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the one-way PERMANOVAs on the (a) nitrogen and (b) 
carbon  stable  isotopic  composition  of  different  size-classes  of  Acanthopagrus 
butcheri,  Leptatherina  wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan 
River in each season of 2007. df = degrees of freedom. n.s. = not significant. 
 
Species  Source of 
variation  df  MS  Pseudo-F  CoV  P 
(a) δ
15N             
A. butcheri  Size-class    4  0.063   0.096  -0.051  n.s. 
  Residual  65  0.065    0.653   
L. wallacei  Size-class    2  6.748  3.056  0.242  n.s. 
  Residual  69  2.208    2.208   
P. olorum  Size-class    2  13.404  4.499  0.420  < 0.05 
  Residual  69  2.978    2.978   
(b) δ
13C             
A. butcheri  Size-class    4  6.353  3.100  0.374  < 0.05 
  Residual  65  2.049    2.049   
L. wallacei  Size-class    2  7.223  3.909  0.286  < 0.05 
  Residual  69  1.847    1.847   
P. olorum  Size-class    2  0.137  0.127  -0.038  n.s. 
  Residual  69  1.081    1.081   Chapter IV 
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The  non-metric  multidimensional  scaling  ordination  (nMDS)  of  the  similarity 
matrix  derived  from  the  stable  isotopic  composition  of  the  different  size-classes  of 
A. butcheri, L. wallacei and P. olorum showed that the points for successive size-classes 
of P. olorum lay in the top left hand corner of the plot, separated from those for the 
other two species (Fig. 4.4). The point for the smallest size-class of L. wallacei was 
located in the bottom left hand corner, and the points for increasing size-classes of this 
species tended to move to the right and upwards. The points for A. butcheri tended to 
move to the right and downwards with increasing length, crossing the path for the points 
of the larger two size-classes (3 and 4) of L. wallacei (Fig. 4.4). 
 
 
Figure 4.2  The mean δ
15N and δ
13C values (± 1 SD) of the different size-classes of (a) 
A. butcheri, (b) L. wallacei and (c) P. olorum in the Upper Swan River in 2007. 
Size-class is given next to each point. Length-ranges for each species are: 2 = 
20-39 mm; 3 = 40-59 mm; 4 = 60-79 mm; 5 = 50-99 mm; 6 = 100-149 mm; 7 = 
150-199 mm; 8 = 200-249 mm; 9 = 250-299 mm (see Chapter III; Table 3.2). 
Sample size denoted in brackets. 
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Figure 4.3  Relationships between stable isotope values (δ
15N on left and δ
13C on right) and 
fish length  for  Leptatherina  wallacei (),  Acanthopagrus  butcheri ()  and 
Pseudogobius olorum () in the Upper Swan River in 2007. 
 
 
 
Figure 4.4  nMDS ordination of the resemblance matrix constructed from all stable isotope 
samples  averaged  for  each  size-class  of  Acanthopagrus  butcheri,  Leptatherina 
wallacei and Pseudogobius olorum in the Upper Swan River. Size-class is given 
next to each point. Sample size denoted in brackets. For length ranges see 
Chapter III; Table 3.2. 
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4.4.5  Lipid  content  and  fatty  acid  marker  composition  in  prey  and  primary 
producers 
The  lipid  contents,  comprised  of  fatty  acids  (FAs),  fatty  alcohols  (FALs)  and 
unidentified  compounds,  of  primary  producers  (6  species,  6  seston  size-fractions, 
sPOM) and detritus were lower than those of consumers, ranging from < 0.1 % (sPOM 
in all seasons) to 1.4 % DW (cyanobacteria in summer/autumn) (Tables 4.4; 4.5; A4.2; 
A4.3). The lipid content in soft tissue of invertebrates (18 species; fishlarvae) ranged 
between 0.6 (ostracod summer/autumn) and 7.2 % DW (isopod summer/autumn) (Table 
A4.5-A4.7). 
Overall,  38  fatty  acids  were  identified,  including  saturated  (SFA), 
monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA), ranging from C14 
to C24. 15 compounds (< 21 % of total lipids) stayed unidentified in invertebrates and 
primary  producers.  The  percentage  of  identifiable  fatty  acids  varied  most  among 
primary producers, ranging from ca 98 % tFA in water (summer/autumn) to ca 76 % 
tFA in detritus (winter/spring) (Tables A4.2; A4.3). Among the invertebrates, over 75 % 
tFA were identified in the annelids. This was much higher for crustaceans (89.2 to 
99.5 % tFA), molluscs (82.6 to 96.9 % tFA) and insects (> 98 % tFA) (Tables 4.4; 4.5; 
A4.4-A4.6).  Fatty  alcohols  contributed  generally  < 9 %  of  total  lipids  in  primary 
producers and < 3.5 % of total lipids in invertebrates. The exception among primary 
producers was a seston sample (5-19 μm, summer), which contained 15.2 % FALs (data 
not shown). 
The fatty acid composition of primary producers varied among groups. In seston 
samples, in both summer and winter, the contribution of SFAs (28.8 – 40.5 % tFA) was 
similar to that of PUFAs (28.1 – 48.8 % tFA), largely due to the high contributions of 
16:0  (both  seasons),  20:5(n-3)  =  EPA  (winter/spring)  and  22:6(n-3)  =  DHA 
(summer/autumn) (Tables 4.4; 4.5; A4.2, A4.3). Among the MUFAs, the contribution 
of 16:1(n-7) was 1.5 – 10.0 % tFA, and higher in winter/spring than in summer/autumn, 
while that of 18:1(n-9) was similar in both seasons, ranging between 3.6 – 11.0 % tFA. 
The PUFA 18:2(n-6) contributed between 2.6 – 6.6 % tFA in seston samples in both 
seasons. Chapter IV 
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In the chlorophyte Ulva sp., the SFAs 16:0 and 18:0 contributed substantially 
(33.6 and 15.4 % tFA, respectively, in summer/autumn), as well as the MUFA 18:1(n-9) 
(16.3 % tFA). In cyanobacteria, in both seasons, 16:0 was the largest contributor to 
SFAs (23.6 – 28.5 % tFA), while among the MUFAs, 16:1(n-7) contributed the most 
(8.6 – 26.4 % tFA). The fatty acid composition of sPOM had high contributions of 16:0 
(27.1  –  29.6  %  tFA)  and  16:1(n-7)  (17.8  -  18.5  %  tFA).  Angiosperms  had  high 
contributions of 16:0 (14.8 – 16.1 % tFA), 18:2(n-6) (10.9 – 13.9 % tFA) and 18:3(n-3) 
(31.5 – 63.5 % tFA) in winter/spring. Detritus samples were very variable, but showed 
high contributions of 16:0 (< 1 – 22.5 % tFA), therefore this fatty acid was abundant in 
all primary producers (Tables 4.4; 4.5; A4.2, A4.3). 
PUFAs  dominated  the  fatty  acid  composition  of  all  annelids  in  both  seasons 
(ranging from 28.4 % tFA in L. normalis in winter/spring to 44.5 % tFA in oligochaetes 
in summer/autumn), largely due to the contributions of 20:4(n-6) (1.2 – 10.3 % tFA) 
and 20:5(n-3) (12.8 – 19.9 % tFA) (Tables 4.4; 4.5; A4.4; A4.6). Among the MUFAs, 
16:1(n-7) and 18:1(n-7) contributed considerable amounts to the fatty acid composition 
of annelids in both seasons (3.4 – 8.5 and 3.4 – 7.4 % tFA, respectively). 
In  molluscs,  PUFAs  dominated  the  fatty  acid  composition  in  summer/autumn 
(36.7  –  39.2  %  tFA),  with  high  contributions  of  20:5(n-3)  (6.7  –  8.9  %  tFA)  and 
22:6(n-3)  (3.2  –  18.3  %  tFA),  while  that  of  A.  semen  in  winter/spring  was  mainly 
comprised of SFAs, due to the high content of 16:0 (29.3 % tFA) (Tables A4.4; A4.6). 
The SFAs 16:0 and 18:0 contributed substantially to all molluscs (14.1 – 29.3 and 8.4 – 
11.8 % tFA, respectively, in both seasons), and the MUFAs 16:1(n-7), 18:1(n-7) and 
18:1(n-9) contributed consistently between 2.3 and 7.3 % tFA. Venerupus australis had 
a very high contribution of 20:4(n-6) of 16.1 % tFA (Table A4.4). 
While no consistent pattern was found in regards to the contributions of SFAs, 
MUFAs and PUFAs to the tFA of crustaceans, a relatively consistent pattern was found 
in the contributions of certain abundant fatty acids. In summer/autumn, 16:0 contributed 
between 17.2 – 25.8 % tFA, while in winter/spring, the contribution was similar, i.e. 
between 13.3 – 26.3 % tFA. The MUFA 18:1(n-9) contributed 10.1 – 16.2 % tFA in 
summer/autumn and slightly less in winter/spring (4.9 – 14.0 % tFA).  
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Table 4.4  Lipid content ( 1 SD, % DW) and mean percentage contribution of fatty acids ( 1 SD,  1 % tFA) to the total fatty acid composition of Acanthopagrus butcheri, Leptatherina 
wallacei, Pseudogobius olorum and abundant primary producer and consumer groups. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated 
fatty acids; DW = dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for summer and autumn 2007. 
 
  Fish species    Primary Producers    Consumers 
Species / Sample 
size  A. butcheri  L. wallacei  P. olorum    Seston  sPOM  Detritus    Polychaeta  Copepoda  Amphipoda  Decapoda  Insecta 
Fatty acid  29  24  23    17  9  3    12  3  5  5  6 
14:0  0.7 ± 0.9  1.8 ± 1.1  1.7 ± 2.8    3.6 ± 1.8  4.4 ± 1.7  2.5 ± 2.9    –  2.3 ± 2.1  1.4 ± 1.1  0.9 ± 0.8  – 
15:0  0.5 ± 0.6  0.4 ± 0.6  0.6 ± 0.7    0.2 ± 0.5  5.7 ± 5.0  –    0.4 ± 0.6  1.7 ± < 0.1  0.4 ± 0.9  –  – 
16:0  23.0 ± 2.7  25.1 ± 2.1  20.5 ± 1.4    25.5 ± 4.0  27.1 ± 6.0  22.5 ± 4.5    11.9 ± 3.6  24.2 ± 9.6  19.6 ± 2.7  23.7 ± 4.0  17.7 ± 9.8 
17:0  1.1 ± 0.5  1.1 ± 0.5  1.7 ± 0.3    0.1 ± 0.4  1.4 ± 0.9  –    2.5 ± 1.2  2.2 ± 0.5  1.3 ± 0.2  1.4 ± 0.2  0.2 ± 0.6 
18:0  8.2 ± 1.0  8.6 ± 0.8  12.0 ± 1.1    6.8 ± 2.6  4.5 ± 2.0  7.1 ± 2.5    7.6 ± 1.1  16.2 ± 2.5  6.3 ± 1.4  8.4 ± 1.6  6.3 ± 2.7 
20:0  –  –  –    0.1 ± 0.4  0.4 ± 0.8  1.8 ± 1.6    –  –  –  0.4 ± 0.8  0.8 ± 0.9 
SFA  33.5 ± 3.2  37.1 ± 3.2  36.7 ± 2.9    36.3 ± 5.7  43.5 ± 10.4  33.9 ± 5.7    22.5 ± 5.7  46.7 ± 9.0  29.0 ± 4.1  34.8 ± 4.1  25.0 ± 6.5 
14:1(n-5)  –  –  –    > 0.1 ± 0.2  0.9 ± 1.0  –    –  –  –  –  – 
16:1(n-7)  4.3 ± 1.2  3.3 ± 1.1  3.1 ± 0.9    4.1 ± 2.1  17.8 ± 5.9  7.3 ± 1.2    4.9 ± 3.0  1.5 ± 0.1  5.2 ± 2.7  4.8 ± 0.9  10.2 ± 13.5 
16:1(n-9)  –  0.2 ± 0.4  –    0.9 ± 0.8  0.1 ± 0.4  0.5 ± 0.9    –  5.1 ± 3.7  –  –  – 
18:1(n-7)  2.8 ± 0.3  2.8 ± 0.4  3.3 ± 0.4    1.4 ± 1.1  3.9 ± 1.7  3.9 ± 1.4    4.6 ± 2.2  3.5 ± 0.8  4.1 ± 0.7  3.5 ± 1.1  1.4 ± 2.2 
18:1(n-9)  8.9 ± 2.0  8.5 ± 1.4  8.2 ± 1.0    7.6 ± 2.9  6.9 ± 4.1  8.0 ± 2.7    3.8 ± 1.5  10.8 ± 3.5  11.3 ± 2.5  10.8 ± 0.8  35.4 ± 22.8 
20:1(n-7)  –  > 0.1 ± 0.2  –    –  –  –    –  0.8 ± 1.4  0.2 ± 0.6  –  – 
20:1(n-11)  0.1 ± 0.3  0.3 ± 0.5  0.7 ± 0.8    0.5 ± 0.9  –  –    2.8 ± 1.6  –  –  –  – 
22:1(n-7)  > 0.1 ± 0.2  –  0.7± 0.8    0.1 ± 0.3  –  –    –  –  –  –  – 
24:1(n-11)  0.1 ± 0.3  –  0.2 ± 0.5    0.2 ± 0.7  0.2 ± 0.6  0.7 ± 1.1    1.8 ± 3.0  1.6 ± 2.8  1.2 ± 1.1  4.8 ± 7.6  – 
24:1(n-13)  –  –  –    0.1 ± 0.4  –  0.5 ± 0.9    0.1 ± 0.3  0.5 ± 0.9  –  –  – 
MUFA  17.2 ± 3.3  15.2 ± 2.9  16.6 ± 3.2    15.7 ± 4.1  30.6 ± 4.1  21.7 ± 2.9    19.6 ± 6.2  23.8 ± 4.2  22.3 ± 3.9  23.8 ± 7.7  47.1 ± 15.8 
16:2(n-4)  0.2 ± 0.4  –  0.3 ± 0.5    0.2 ± 0.5  0.7 ± 1.0  0.6 ± 1.0    0.3 ± 0.6  0.8 ± 1.4  –  0.4 ± 0.8  – 
18:2(n-6)  1.8 ± 0.6  1.9 ± 0.6  0.8 ± 0.7    3.5 ± 1.2  1.5 ± 1.6  2.2 ± 1.9    1.7 ± 1.3  3.5 ± 1.2  2.5 ± 0.9  2.7 ± 0.5  19.3 ± 14.1 
20:2(n-6)  0.1 ± 0.3  –  –    1.2 ± 2.3  1.1 ± 2.4  1.6 ± 1.4    0.2 ± 0.6  0.9 ± 1.5  0.3 ± 0.6  0.3 ± 0.6  – 
16:3(n-4)  0.2 ± 0.5  0.1 ± 0.3  0.3 ± 0.6    0.4 ± 0.9  3.2 ± 2.3  –    0.3 ± 0.6  –  1.0 ± 1.0  –  0.3 ± 0.6 
18:3(n-3)  0.2 ± 0.5  1.3 ± 1.0  0.2 ± 0.5    2.4 ± 1.5  0.3 ± 0.6  –    0.1 ± 0.3  0.4 ± 0.8  0.8 ± 1.1  2.1 ± 1.3  2.0 ± 2.8 
20:3(n-3)  –  –  –    0.1 ± 0.3  0.2 ± 0.6  –    0.1 ± 0.4  –  –  –  – 
20:3(n-6)  0.1 ± 0.7  –  –    0.5 ± 2.1  0.2 ± 0.7  –    0.1 ± 0.3  –  –  –  – 
18:4(n-3)  0.1 ± 0.4  1.7 ± 1.1  0.1 ± 0.3    6.8 ± 3.6  0.8 ± 1.1  –    0.1 ± 0.4  0.5 ± 0.9  2.9 ± 4.0  1.4 ± 0.9  0.2 ± 0.4 
20:4(n-3)  0.2 ± 0.4  0.5 ± 0.6  –    1.5 ± 2.1  –  –    –  –  0.3 ± 0.6  0.2 ± 0.5  – 
20:4(n-6)  6.4 ± 1.3  4.1 ± 2.0  6.2 ± 1.4    0.4 ± 0.7  2.2 ± 1.3  1.8 ± 3.1    5.3 ± 2.2  0.7 ± 1.2  5.2 ± 2.1  3.6 ± 1.0  1.9 ± 1.1 
18:5(n-3)/20:1(n-9)  0.3 ± 0.6  –  0.2 ± 0.5    6.1 ± 4.4  0.3 ± 0.5  –    0.4 ± 1.5  0.6 ± 1.1  1.3 ± 0.9  0.3 ± 0.8  – 
20:5(n-3)  10.3  ± 2.3  5.3 ± 1.0  13.4 ± 1.4    5.0 ± 2.2  6.0 ± 4.2  7.0 ± 3.0    18.2 ± 2.6  5.6 ± 3.1  19.9 ± 4.5  13.4 ± 2.9  3.5 ± 2.1 
22:5(n-3)  4.7 ± 0.7  4.9 ± 0.6  4.9 ± 0.6    1.3 ± 1.3  2.4 ± 1.6  8.4 ± 4.1    3.6 ± 1.7  2.6 ± 1.0  0.8 ± 0.7  0.3 ± 0.6  – 
22:6(n-3)  21.0 ± 3.1  26.5 ± 4.5  16.9 ± 3.3    9.2 ± 3.8  0.9 ± 1.9  4.1 ± 7.2    3.6 ± 2.2  6.9 ± 4.3  12.1 ± 4.1  15.9 ± 4.0  – 
PUFA  46.0 ± 5.6  46.3 ± 5.2  43.4 ± 3.7    39.7 ± 9.4  21.0 ± 8.4  25.7±10.2    34.2 ± 4.3  23.1 ± 10.1  47.1 ± 4.4  40.6 ± 5.6  27.1 ± 11.6 
Unid. total  3.3 ± 1.2  1.4 ± 1.5  3.3 ± 1.8    8.4 ± 6.5  4.8 ± 5.9  18.7 ± 9.7    23.7 ± 3.9  6.4 ± 1.8  1.6 ± 1.0  0.8 ± 1.2  0.7 ± 0.8 
LC [% DW]  2.3 ± 0.7  3.8 ± 1.6  2.4 ± 0.4    n.a.  0.1 ± 0.1  0.2 ± 0.1    2.2 ± 1.2  1.8 ± 0.6  4.8 ± 1.9  4.4 ± 1.1  4.7 ± 2.2 
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Table 4.5  Lipid content ( 1 SD, % DW) and mean percentage contribution of fatty acids ( 1 SD,  1 % tFA) to the total fatty acid composition of Acanthopagrus butcheri, Leptatherina 
wallacei, Pseudogobius olorum and abundant primary producer and consumer groups. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty 
acids; DW = dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for winter and spring 2007. 
 
  Fish Species    Primary Producers    Consumers 
Species / Sample size  A. butcheri  L. wallacei  P. olorum    Seston  Angiospermae  sPOM    Polychaeta  Copepoda  Amphipoda  Decapoda  Fishlarvae 
Fatty acid  28  27  24    18  9  6    7  3  3  3  3 
14:0  0.6 ± 0.8  1.2 ± 0.6  1.1 ± 0.7    2.7 ± 1.2  1.4 ± 1.9  2.8 ± 1.7    –  3.5 ± 0.5  1.6 ± 0.6  3.8 ± 0.2  1.4 ± 1.2 
15:0  0.2 ± 0.4  0.1 ± 0.2  –    0.2 ± 0.5  0.9 ± 1.8  2.4 ± 1.3    0.5 ± 0.6  0.9 ± 0.8  –  –  – 
16:0  24.3 ± 1.8  22.1 ± 1.3  19.5 ± 2.3    20.7 ± 3.0   15.8 ± 4.2  29.6 ± 8.3    12.4 ± 3.7  26.3 ± 4.6  16.4 ± 2.9  17.8 ± 1.2  25.4 ± 1.7 
17:0  0.6 ± 0.6  1.0 ± 0.6  1.5 ± 0.3    0.1 ± 0.4  –  0.2 ± 0.4    2.8 ± 0.9  2.6 ± 1.8  0.5 ± 0.8  1.2 ± 0.1  0.9 ± 0.8 
18:0  7.7 ± 0.8  7.9 ± 0.8  10.4 ± 1.1    8.4 ± 1.6  1.7 ± 3.0   4.9 ± 2.7    7.9 ± 1.1  9.2 ± 1.4  5.9 ± 1.5  8.2 ± 2.0  11.9 ± 2.6 
20:0  –  –  –    0.6 ± 1.1  3.6 ± 5.9  0.4 ± 1.0    –  –  –  –  – 
SFA  33.3 ± 2.7  32.4 ± 1.5  32.5 ± 2.6    32.8 ± 5.1  23.4 ± 11.2  40.3 ± 8.9    23.7 ± 5.6  42.5 ± 5.1  24.4 ± 3.8  30.9 ± 3.5  39.6 ± 1.1 
14:1(n-5)  –  –  –    0.2 ± 0.5  –  1.0 ± 1.3    0.2 ± 0.5  0.4 ± 0.6  –  –  – 
16:1(n-7)  3.3 ± 1.1  3.1 ± 1.0  3.5 ± 0.8    8.3 ± 2.0  –  18.5 ± 7.6    6.0 ± 2.5  3.8 ± 4.2  7.1 ± 2.0  8.2 ± 2.7  1.8 ± 0.4 
16:1(n-9)  –  0.1 ± 0.4  –    0.4 ± 0.6  –  0.3 ± 0.6    –  1.2 ± 1.1  –  –  – 
18:1(n-7)  2.4 ± 0.4  3.2 ± 1.1  4.4 ± 0.9    3.5 ± 0.9  –  2.8 ± 2.9    7.1 ± 1.1  1.7 ± 0.6  5.9 ± 1.8  9.2 ± 1.5  1.9 ± 0.2 
18:1(n-9)  7.0 ± 1.5  8.2 ± 2.3  7.0 ± 0.9    8.1 ± 3.0  2.6 ± 1.9  6.7 ± 3.9    3.6 ± 1.4  4.9 ± 2.2  10.2 ± 3.3  10.3 ± 1.3  7.3 ± 0.8 
20:1(n-7)  –  –  –    0.1 ± 0.4  1.1 ± 2.2  –    –  –  1.3. ± 0.1  –  – 
20:1(n-11)  < 0.1 ± 0.2  < 0.1 ± 0.2  0.8 ± 0.7    0.2 ± 0.5  –  –    2.8 ± 1.0  –  –  0.5 ± 0.9  – 
22:1(n-7)  –  –  1.0 ± 0.8    0.2 ± 0.5  –  –    –  –  –  –  – 
24:1(n-11)  0.3 ± 1.0  –  1.0 ± 1.2    0.7 ± 1.6  0.5 ± 1.5   0.2 ± 0.6    1.1 ± 2.1  –  0.5 ± 0.8  –  1.3 ± 1.1  
24:1(n-13)  –  –  –    0.3 ± 0.8  –   –    –  1.6 ± 1.4  –  –  – 
MUFA  13.4 ± 3.1  14.7 ± 2.9  18.4 ± 3.3    22.7 ± 3.7  4.3 ± 2.7  29.7 ± 4.1    21.8 ± 6.0  13.6 ± 8.5  25.3± 2.9  28.2 ± 3.6  12.2 ± 2.4 
16:2(n-4)  –  0.3 ± 0.5  0.7 ± 0.6    1.3 ± 1.2  0.6 ± 1.1  0.2 ± 0.4    0.2 ± 0.5  0.5 ± 0.9  1.4 ± 1.2  0.4 ± 0.7  – 
18:2(n-6)  1.5 ± 0.5  3.7 ± 2.4  1.5 ± 1.0    4.3 ± 2.1  12.6 ± 3.7  2.1 ± 2.2    2.0 ± 2.9  3.7 ± 1.1  1.5 ± 0.1  2.3 ± 2.0  2.2 ± 0.2 
20:2(n-6)  –  –  0.2 ± 0.6    1.6 ± 1.5  0.2 ± 0.7  1.0 ± 1.6    1.2 ± 1.4  –  1.0 ± 1.8  0.4 ± 0.7  – 
16:3(n-4)  –  0.1 ± 0.4  0.2 ± 0.5    3.6 ± 2.2  –  0.9 ± 1.2    –  0.6 ± 1.1  2.3 ± 2.5  0.4 ± 0.7  – 
18:3(n-3)  0.1 ± 0.3  1.7 ± 0.7  0.5 ± 0.7    2.0 ± 6.5  42.8 ± 16.0  0.8 ± 1.4    0.2 ± 0.4  4.6 ± 1.3  –  –  2.0 ± 0.3 
20:3(n-3)  –  –  0.4 ± 1.3    0.4 ± 1.2  –  –    1.7 ± 4.4  –  4.0 ± 6.9  1.9 ± 3.2  – 
20:3(n-6)  –  –  –    –  –  2.1 ± 3.4    –  –  0.6 ± 1.1  3.7 ± 6.4  – 
18:4(n-3)  < 0.1 ± 0.2  1.0 ± 0.8  0.2 ± 0.6    2.5 ± 2.1  –  0.3 ± 0.7    –  2.6 ± 1.4  2.1 ± 2.8  –  1.9 ± 0.8 
20:4(n-3)  0.1 ± 0.3  0.2 ± 0.5  –    1.2 ± 1.2  –  0.3 ± 0.7    –  –  0.6 ± 1.0  –  – 
20:4(n-6)  7.0 ± 1.5  3.6 ± 1.0  5.8 ± 1.4    1.2 ± 2.1  –  0.3 ± 0.7    3.4 ± 2.3  0.4 ± 0.7  3.1 ± 1.9  2.4 ± 2.1  2.0 ± 0.6 
18:5(n-3)/ 20:1(n-9)  0.2 ± 0.5  –  –    –  –  –    –  –  1.3 ± 0.4  –  – 
20:5(n-3)  8.9  ± 1.7  5.7 ± 2.0  13.6 ± 3.0    9.3 ± 3.0  1.3 ± 2.1  4.7 ± 3.3    16.9 ±7.7  7.5 ± 1.2  18.6±11.2  16.6 ± 9.4  6.3 ± 0.5 
22:5(n-3)  5.2 ± 0.7  5.2 ± 1.0  5.2 ± 1.1    2.0 ± 2.2  1.2 ± 2.0  2.6 ± 1.9    5.0 ± 1.5  1.3 ± 1.2  1.3 ± 1.2  1.8 ± 0.2  1.9 ± < 0.1 
22:6(n-3)  26.9 ± 4.9  30.1 ± 5.3  17.7 ± 5.7    2.8 ± 1.3  0.1 ± 0.4  1.9 ± 2.1    2.1 ± 1.7  19.6 ± 14.6  8.9 ± 1.6  9.6 ± 1.7  32.0 ± 2.2 
PUFA  49.8 ± 5.2  51.7 ± 3.5  46.2 ± 3.2    33.4 ± 6.0  58.8 ± 16.7  19.8 ± 4.3    32.5 ± 6.0  40.9 ± 12.4  47.3 ± 6.7  39.4 ± 4.2  48.2 ± 2.0 
Unid. total  3.5 ± 1.0  1.2 ± 1.0  3.0 ± 1.2    11.1 ± 4.3  13.5 ± 11.8  10.2±10.7    22.1 ± 3.6  3.0 ± 0.8  3.0 ± 1.3  1.5 ± 1.5  – 
LC [% DW]  2.0 ± 0.5  3.9 ± 0.7  2.7 ± 0.6    n.a.  0.6 ± 0.4  < 0.1 ± < 0.1    3.5 ± 1.3  5.0 ± 3.2  3.8 ± 1.7  3.5 ± 1.7  9.1 ± 0.8 
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The  PUFAs  20:5(n-3)  and  22:6(n-3)  contributed  5.7  –  24.8  %  tFA  and  2.3  - 
25.1 %  tFA,  respectively,  in  both  seasons  (Tables  4.4;  4.5;  A4.4;  A4.6).  The  FA 
18:3(n-3) made contributions of 4.6 % tFA to calanoid copepods. 
  Among insects, the contributions of SFAs, MUFAs and PUFAs varied. In 
the Formicidae, MUFAs dominated the fatty acid composition (57.7 and 49.4 % tFA in 
summer and winter, respectively; Tables A4.5; A4.6), almost exclusively comprised of 
18:1(n-9). Monounsaturated fatty acids also dominated two other insects samples in 
summer/autumn, due to high contributions of 16:1(n-7) (25.0 and 30.2 % tFA), while 
the last insect sample had high contributions of the PUFA 18:2(n-6) (44.8 % tFA). All 
insects had high contributions of the SFA 16:0 (25.1 – 27.5 % tFA), apart from the 
Formicidae (9.0 – 12.9 % tFA) (Table A4.5). 
  Lastly, fishlarvae in winter/spring were dominated by PUFAs (48.2 % tFA), 
due to the high contribution of DHA (32.0 % tFA) (Table 4.5; A4.6). High contributions 
among SFAs were made by 16:0 and 18:0 (25.4 and 11.9 % tFA, respectively), while 
among MUFAs, only 18:1(n-9) contributed substantially (7.3 % tFA). 
PERMANOVA on the similarity matrix derived from the DHA:EPA ratio of the 
different prey categories revealed significant differences between groups (P < 0.001; 
Table 4.6). DHA:EPA ratios of prey organisms are depicted in Figure 4.5. By far the 
highest DHA:EPA ratio was found in fishlarvae in winter (> 5), and other pelagic prey, 
such as  calanoid and cyclopoid copepods, also  exhibited a high ratio (ca 2) in that 
season, while benthic prey (bivalves, amphipods, decapods) had lower ratios (Fig. 4.5).  
 
Table 4.6  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the two-way PERMANOVA on the DHA:EPA ratio of 
pelagic flora, pelagic fauna, benthic flora and benthic fauna in the Upper Swan 
River in summer/autumn and winter/spring of 2007. df = degrees of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effect           
Prey category  3  3.516  20.567  0.140   0.001 
Season  1  0.040  0.230  -0.003  0.620 
Two-way interaction           
Prey category vs Season   3  1.394  8.155  0.102   0.001 
Residual  81  0.171    0.170   
 
In summer, the trend of a decreasing DHA:EPA ratio from pelagic prey (seston, 
calanoid  and  cyclopoid  copepods)  to  benthic  prey  (bivalves,  isopods,  decapods, Chapter IV 
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amphipods,  cyanobacteria,  gastropods,  annelids,  ostracods  and  sPOM)  was  less 
pronounced. 
 
 
 
Figure 4.5  DHA:EPA ratio (± 1 SD) in prey and primary producers in the Upper Swan River 
in (a) summer/autumn and (b) winter/spring of 2007. 
 
In potential prey, the content of the benthic marker 20:4(n-6) was generally higher 
in summer/autumn than in winter/spring, ranging from 2.0 to 16.1 % tFA for benthic 
prey (i.e. gastropoda, annelida, amphipoda, decapoda, ostracoda, isopoda, bivalvia) and 
sPOM (Fig. 4.6). Terrestrial (insecta) or pelagic (calanoid copepods) prey and primary 
producers (detritus, seston, algae, cyanobacteria) had contents of 20:4(n-6) of 1.9 % tFA 
or less. In winter/spring, benthic prey (annelida, amphipoda, decapoda, bivalvia) had 
20:4(n-6) contents  ranging between  1.2  – 3.4 % tFA, while insects had the highest 
20:4(n-6) content (3.6 % tFA), and pelagic prey (fishlarvae, seston, calanoid copepods) 
and primary producers (angiospermae, cyanobacteria, detritus) had contents of < 2.0 % 
tFA. 
 
 
 
Figure 4.6  Percentage  contribution  of  20:4(n-6)  (±  1  SD;  %  tFA)  in  prey  and  primary 
producers in the Upper Swan River in (a) summer/autumn and (b) winter/spring of 
2007. 
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On the nMDS ordination plot, derived from the fatty acid composition of fish and 
prey in summer/autumn, the samples for annelids and gastropods lay on the left side of 
the  plot,  while  those  for  the  different  seston  size-fractions  and  primary  producers 
(chlorophytes and cyanobacteria) lay on the right, with those points for the three fish 
species, different crustaceans and bivalves in between them (Fig. 4.7a). The sample for 
L.  wallacei  lay  furthest  to  the  right,  closest  to  that  for  decapods,  while  those  for 
A. butcheri and P. olorum overlapped each other and lay further to the left of the plot. In 
winter/spring, the samples were, in general, less dispersed than in summer/autumn, with 
the sample for angiosperms lying furthest away from all other points (Fig. 4.7b). All 
points for primary producers lay on the right side of the ordination plot, while samples 
from the three fish species were interspersed with those for different crustaceans and lay 
towards the middle of the plot, above those for annelids and bivalves.  
4.4.6  Lipid  content  and  fatty  acid  composition  in  A.  butcheri,  L. wallacei  and 
P. olorum 
Lipid  content,  in  terms  of  tFA,  tFAL  and  unidentified  compounds,  in  muscle 
tissue was generally low in the three fish species A. butcheri, L. wallacei and P. olorum, 
ranging from 1.9 to 4.2 % DW (Fig. 4.8; Table A4.7). For the latter two species it was 
highest in winter, 2.8 and 4.2 % DW, respectively, while for A. butcheri it peaked in 
autumn (2.4 % DW). Leptatherina wallacei had the highest lipid content.  
A total of 32 FAs, ranging from C14 to C24, were identified in the fish species, 
with 5 unidentified compounds. In general, > 96 % of the lipid content was identified as 
FAs and FALs for the three fish species (Tables 4.4; 4.5; A4.7). A total of 10 FALs, 
ranging from C14 to C24, were identified in fish species, contributing < 2.3 % DW to 
the lipid content in fish species (data not shown). 
The  contribution  of  saturated  (SFA),  monounsaturated  (MUFA)  and  poly-
unsaturated  (PUFA)  fatty  acids  to  the  total  fatty  acid  composition  of  the  three  fish 
species  was  similar  between  species  and  also  within  species  between  seasons.  The 
PUFAs dominated the fatty acid composition of each species, contributing between 42.9 
- 52.5 % tFA (P. olorum in autumn and L. wallacei in winter, respectively; Table A4.7).   Chapter IV 
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Figure 4.7  nMDS ordination of all fatty acid samples collected for Acanthopagrus butcheri 
(), Leptatherina wallacei () and Pseudogobius olorum () and their prey, in 
(a)  summer/autumn  and  (b)  winter/spring  of  2007.  Sample  size  given  in 
parentheses (summer/autumn / winter/spring). 
Stress: 0.18 (a)
Stress: 0.15 (b)
L. wallacei
P. olorum
5
20
50
74
250
Calanoida
Cyclopoida Decapoda
Ostracoda
Cyanobacteria
Gastropoda
Isopoda MPB
Detritus
Oligochaeta
C. aequisetis
L. normalis Angiospermae water
G. propodentata
Corophiidae
Insects
Bivalvia
Fish-
larvae
A. butcheri
Species Primary producers
Ulva sp.
Invertebrates
L. wallacei   (24/27)
P. olorum    (23/24)
5      (3/3)
20      (3/3)
50      (3/3)
74      (3/3)
250    (3/3)
Calanoida (1/3)
Cyclopoida (2/0) Decapoda (5/3)
Ostracoda (1/0)
Cyanobacteria (2/1)
Gastropoda (1/0)
Isopoda         (1/0)
POM               (9/6)
Detritus           (3/2)
Oligochaeta (1/0)
C. aequisetis (6/4)
L. normalis    (6/3)
Angiospermae (0/9) Water (3/3)
G. propodentata (4/2)
Corophiidae (1/1)
Insects        (6/1)
Bivalvia (2/1)
Fishlarvae   (0/3)
A. butcheri  (29/28)
Species Primary producers
Ulva sp.           (1/0)
Invertebrates
OtherChapter IV 
104 
 
 
 
 
 
 
 
Figure 4.8  Lipid content (LC) in muscle tissue (± 1 SD; % DW) of Acanthopagrus butcheri, 
Leptatherina wallacei and Pseudogobius olorum in the Upper Swan River in each 
season of 2007. Sample size given above each column. 
 
Among the PUFAs, DHA was by far the most abundant fatty acid in all species 
and seasons (16.3 – 30.5 % tFA), followed by EPA (5.2 – 13.8 % tFA) (Table A4.7; 
Fig.  4.9a,  b).  The  FA  20:4(n-6)  also  made  substantial  contributions  to  the  FA 
composition  of  A. butcheri  (6.1  –  7.3  %  tFA),  L.  wallacei  (3.5  –  4.3  %  tFA)  and 
P. olorum (5.5 – 7.0 % tFA) in all seasons (Fig. 4.10; Table A4.7). Among the MUFAs, 
18:1(n-9) (6.9 – 9.6 % tFA) and 16:1(n-7) (2.7 – 4.7 % tFA) contributed the most to the 
tFA composition of all fish species (Fig. 4.9a, b; Table A4.7). The SFA 16:0 contributed 
substantially to the tFA composition of each species (19.4 – 26.2 % tFA), and, in the 
case of P. olorum, its contribution was larger than that of DHA in each season. In fish 
species, fatty alcohols never contributed > 2.3 % to the total lipid content.  
 
 
 
 
Figure 4.9  Relative  fatty  acid  composition  (mean  ±  1  SD)  of  Acanthopagrus  butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan  River, 
depicting  the  nine  most  abundant  fatty  acids,  in  (a)  summer/autumn  and  (b) 
winter/spring of 2007. Sample size given in parentheses. 
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Figure 4.10  The mean 20:4(n-6) content (± 1 SD) of Acanthopagrus butcheri, Leptatherina 
wallacei and Pseudogobius olorum in the Upper Swan River in each season of 
2007. Sample size given above each column. 
PERMANOVA revealed that species, by far, exhibited the largest component of 
variation, and although season and the interaction were significant, they had a much 
smaller component of the variation (9 times less than species; Table 4.7). Results from 
ANOSIM  showed  that  differences  among  species  had  a  much  higher  R  value  (R  = 
0.691; P = 0.001) than differences among seasons (R = 0.215; P = 0.001). Pairwise 
PERMANOVA tests showed that, within each season, each possible species comparison 
was  significant  (all  P  <  0.001).  Seasonal  comparisons  within  each  species  revealed 
significance for five out of the six possible pairwise comparisons for both L. wallacei 
and P. olorum, while for A. butcheri, only four comparisons were significant (data not 
shown). 
 
Table 4.7  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  two-way  PERMANOVA  on  the  fatty  acid 
composition of Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius 
olorum in the Upper Swan River in 2007. df = degrees of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  2  996.2  72.48  19.242  < 0.001 
Season  3  79.46  5.78  1.72  < 0.001 
Two-way interaction           
Species vs Season  6  44.24  3.22  2.38  < 0.001 
Residual  143         
 
The  nMDS  ordination  of  the  similarity  matrix,  derived  from  the  fatty  acid 
composition of each fish species averaged for each season, showed that the samples for 
L. wallacei and P. olorum lay in the lower half of the plot, to the far left and far right, 
respectively,  with  a  tendency  of  points  for  successive  seasons  to  move  downwards 
between summer and winter and upwards again in spring (Fig. 4.11). The samples for 
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A. butcheri lay in the middle of the top half of the ordination plot, and moved upwards 
with successive seasons. Three main clusters of vectors were apparent, each pointing 
roughly in the direction of the points for one species, indicating which fatty acids were 
most important in causing the distribution of points on the ordination plot. The highest 
correlations between fatty acids and fatty acid composition of each species was with 
18:2(n-6) for L. wallacei, 20:4(n-6) for A. butcheri and 18:1(n-7) for P. olorum, with 
correlations of 0.68, -0.64, -0.58, respectively (Fig. 4.11). The fatty acid 20:5(n-3) was 
correlated with both A. butcheri and P. olorum in summer (-0.97). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.11  nMDS  ordination  of  the  fatty  acid  samples  for  Acanthopagrus  butcheri, 
Leptatherina  wallacei  and  Pseudogobius  olorum  collected  in  the  Upper  Swan 
River in 2007, averaged for season. Overlaid are fatty acids as vectors. 
 
The  SIMPER  analysis  showed  that  the  fatty  acids  16:0,  18:0,  18:1(n-9)  and 
22:6(n-3) typified each fish species in each season, the exception being 18:0, which did 
not typify A. butcheri in both winter and spring (Table 4.8). 
The fatty acid compositions of all three species of teleost were dominated by 
typical membrane fatty acids 16:0, 20:5(n-3) (EPA) and 22:6(n-3) (DHA) (Fig. 4.9; 
Table 4.4; 4.5; A4.7), but their contributions varied considerably among species. In both 
seasons (i.e. summer/autumn and winter/spring), the percentage contribution of EPA 
increased  from  pelagic  (L. wallacei)  to  benthic  (P.  olorum)  feeding  fish,  while  the 
opposite was true for the contribution of DHA (Fig. 4.9). Chapter IV 
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Table 4.8 The fatty acids that characterised (provided along the diagonal, highlighted in dark grey) and 
distinguished (provided below the diagonal) the muscle tissue of (a) Acanthopagrus butcheri, 
(b) Leptatherina wallacei and (c) Pseudogobius olorum in each season in 2007 in the Upper 
Swan River as detected by one-way SIMPER. An asterisk (*) denotes those dietary categories 
that distinguished the species vs season group in the vertical column, while the absence of an 
asterisk denotes the reverse situation for those in the horizontal column. R-statistic values for 
pairwise comparisons of the same species vs season groups in one-way ANOSIM tests are 
given above the diagonal. n.s.= not significant. 
 
(a)  Summer  Autumn  Winter  Spring 
Summer  16:0 
22:6(n-3) 
18:1(n-9) 
20:5(n-3) 
18:0 
0.109  0.261  0.439 
Autumn  22:6(n-3)  
20:5(n-3) 
18:1(n-9)* 
16:1(n-7)* 
16:0 
20:4(n-6) 
16:0 
22:6(n-3) 
20:5(n-3) 
18:1(n-9) 
18:0 
0.180  0.312 
Winter  22:6(n-3) 
18:1(n-9)* 
20:5(n-3)* 
16:1(n-7)* 
20:4(n-6) 
22:6(n-3) 
20:5(n-3)*  
16:1(n-7)*  
20:4(n-6)* 
18:1(n-9)* 
16:0 
22:6(n-3) 
20:5(n-3) 
18:1(n-9) 
n.s. 
Spring  22:6(n-3)  
18:1(n-9)*  
16:1(n-7)* 
20:5(n-3)* 
 
22:6(n-3) 
 20:5(n-3)* 
16:1(n-7)* 
18:1(n-9)* 
 
n.s. 
22:6(n-3) 
16:0 
20:5(n-3) 
18:1(n-9) 
20:4(n-6) 
(b) 
 Summer 
16:0 
22:6(n-3) 
18:0 
18:1(n-9) 
0.171  0.439  0.222 
Autumn  20:4(n-6) 
22:6(n-3) 
16:1(n-7)* 
16:0* 
18:1(n-9)* 
22:6(n-3) 
16:0 
18:0 
18:1(n-9) 
0.257  n.s. 
Winter  22:6(n-3) 
16:0* 
18:1(n-9)* 
20:4(n-6)* 
20:4(n-6)* 
22:6(n-3) 
18:1(n-9)* 
20:5(n-3) 
22:6(n-3) 
16:0 
18:0 
18:1(n-9) 
0.213 
Spring  22:6(n-3) 
16:1(n-7)* 
18:1(n-9)* 
16:0* 
20:5(n-3)* 
n.s. 
 
22:6(n-3)*  
18:1(n-9) 
20:5(n-3)* 
16:1(n-7)* 
18:1(n-7)* 
20:4(n-6) 
22:6(n-3) 
16:0 
18:0 
18:1(n-9) 
(c) 
Summer 
16:0 
22:6(n-3) 
20:5(n-3) 
18:0 
18:1(n-9) 
0.197  0.387  0.257 
Autumn  22:6(n-3)* 
20:4(n-6)* 
16:1(n-7) 
18:1(n-9) 
16:0 
22:6(n-3) 
20:5(n-3) 
18:0 
18:1(n-9) 
0.257  0.126 
Winter  22:6(n-3)  
20:5(n-3) 
20:4(n-6)*  
18:0* 
22:6(n-3)  
20:5(n-3)  
18:1(n-9)* 
20:4(n-6)*  
 
16:0 
22:6(n-3) 
20:5(n-3) 
18:0 
18:1(n-9) 
n.s. 
Spring  22:6(n-3)* 
18:1(n-7) 
20:5(n-3) 
16:1(n-7) 
20:4(n-6)* 
 
22:6(n-3)* 
18:1(n-9)* 
20:5(n-3)* 
18:1(n-7) 
16:0* 
16:1(n-7)* 
n.s. 
16:0 
22:6(n-3) 
20:5(n-3) 
18:0 
18:1(n-9) Chapter IV 
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The ratio of these two fatty acids showed this trend even clearer, and PERMANOVA 
revealed that it decreased significantly from pelagic  to  benthic feeding fish in  both 
summer and winter (Fig. 4.12; Table 4.9).  
 
Table 4.9  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the two-way PERMANOVA on the DHA:EPA ratio of 
Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum in the 
Upper Swan River in summer/autumn and winter/spring of 2007. df = degrees of 
freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  2  13790  222.69  266.92  < 0.001 
Season  1  651.33  10.518  7.664  0.001 
Two-way interaction           
Species vs Season  2  310.46  5.014  9.665  < 0.05 
Residual  149  61.923    61.923   
 
Pairwise PERMANOVA tests showed significant differences for each species 
comparison with the greatest differences between  L. wallacei and P. olorum. No such 
obvious differences or consistent trends were observed in the remaining seven most 
abundant fatty acids. 
 
 
 
 
 
 
 
 
Figure 4.12  The  mean  DHA:EPA  ratio  (±  1  SD)  of  Acanthopagrus  butcheri  (n  =  57), 
Leptatherina wallacei (n = 51) and Pseudogobius olorum (n = 47) in the Upper 
Swan River in (a) summer/autumn and (b) winter/spring of 2007. 
4.4.7  Size-related changes in fatty acid composition of A. butcheri, L. wallacei and 
P. olorum 
PERMANOVAs on the resemblance matrices constructed from the fatty acid 
compositions  of  the  different  size-classes  of  each  of  A. butcheri,  L.  wallacei  and 
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P. olorum  showed  that  they  changed  significantly  with  increasing  size  of  fish  for 
A. butcheri and P. olorum, but not for L. wallacei (Table 4.10). 
 
Table 4.10  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (p)  for  the  one-way  PERMANOVAs  on  the  fatty  acid 
composition  of  different  size-classes  of  Acanthopagrus  butcheri,  Leptatherina 
wallacei  and  Pseudogobius  olorum  in  the  Upper  Swan  River  in  2007.  df  = 
degrees of freedom. n.s. = not significant. 
 
 Species  Source of 
variation  df  MS  Pseudo-F  CoV  P 
A. butcheri  Size-class  4  183.46  2.263  11.139  < 0.05 
  Residual  52  81.053    81.053   
L. wallacei  Size-class  2  87.829  1.039    0.259  n.s. 
  Residual  48  84.518    84.518   
P. olorum  Size-class  1  539.9  4.684  29.177  0.001 
  Residual  45  115.27    115.27   
 
The nMDS of the mean fatty acid composition of the size-classes for the three 
species of teleost revealed that the samples from successive size-classes for P. olorum 
lay to the left of the plot, while those for L. wallacei lay on the right side of the plot, 
with the samples for A. butcheri in between them (Fig. 4.13). The samples for P. olorum 
and A. butcheri moved downwards with increasing size, except for the largest size-class 
of A. butcheri, which had a relatively high position. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.13  nMDS  ordination  of  the  resemblance  matrix  constructed  from  all  fatty  acid 
samples averaged for each size-class of Acanthopagrus butcheri, Leptatherina 
wallacei and Pseudogobius olorum in the Upper Swan River in 2007. Size-class 
given next to each point. Length-ranges see Table 3.2. Chapter IV 
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The points for the two smallest size classes of L. wallacei (20-39 and 40-69 mm) were 
adjacent to each other, while that for the largest size-class (> 69 mm) lay relatively far 
away to the right (Fig. 4.10). 
4.4.8  Dietary compositions of A. butcheri, L. wallacei and P. olorum 
The overall classification of dietary items into major dietary groups (pelagic and 
benthic flora and fauna, respectively) showed that the contribution of the benthic fauna 
to the diet of each species in each season was > 50 % V, except for L. wallacei in spring 
(Fig. 4.14). Pelagic fauna made a much greater contribution to the diet of L. wallacei 
than  the  other  two  species,  particularly  in  spring  (63  %  V).  Benthic  flora  made 
contributions of over 19 % V to the diets of A. butcheri and P. olorum in summer and 
spring (Fig. 4.14). 
 
 
 
Figure 4.14  Mean  volumetric  contribution  of  the  major  dietary  groups  (classified  by 
position  in  the  water  column  and  plant  or  animal)  to  the  gut  contents  of 
Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum in the 
Upper  Swan  River  in  each  season  of  2007.  Sample  size  given  above  each 
column. 
4.5  Discussion 
This study investigated the important ecological question of the structure and 
functioning of the food web in the upper reaches of the Swan-Canning estuary, and 
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aimed  to  describe  the  origin  and  pathways  of  material  transfer  between  primary 
producers and abundant members of the fish fauna. The trophic niches occupied by 
A. butcheri,  L. wallacei  and  P.  olorum  were  examined  in  detail  to  achieve  an 
understanding of their trophic interactions in the Upper Swan River.  
In the discussion, the trophic niche of each fish species is analysed in detail. 
Firstly, seasonal changes in both δ
15N and δ
13C and fatty acid composition in fish are 
discussed, followed by changes related to fish size as detected with both methods. 
4.5.1  Sources of carbon in the Upper Swan River 
Overall, the ultimate sources of carbon fuelling the food web in the Upper Swan 
River were influenced, at least in part, by terrestrial C3 plants, which, in this study, 
exhibited the most negative δ
13C values of all sampled carbon sources, i.e. between 
-27.4 and -30.9 ‰ (see also Fry & Sherr 1984). Their direct or indirect consumption, 
via the detrital pathway and intermediate consumers, potentially caused the fish species 
to exhibit low δ
13C values. This indicates a great contribution of terrestrially  and/or 
freshwater derived carbon, which presumably would be related to the fact that the Swan 
River has a large catchment (see Chapter II), with a high amount of terrestrial run-off 
and  seasonal  freshwater  flow  (Brearley  2005),  causing  a  large  input  of  terrestrially 
and/or freshwater derived carbon. Further important sources of carbon were seston and 
detritus, which exhibited similar δ
13C values to the fish species. 
Calanoid copepods exhibited the most negative δ
13C values of all samples (~ 
-34 ‰), far more depleted than any autotrophic source (by ~ 7 ‰). This could be due to 
an analytical error, where the sample of calanoids was contaminated with carbon from 
their carapace, or may indicate an unusual process occurring in the water column.  
4.5.2  Trophic niche of Acanthopagrus butcheri 
Acanthopagrus  butcheri  displayed  relatively  consistent  composition  in 
biochemical markers throughout the year, with little or no seasonal change in stable 
isotopes and fatty acids. These results parallel those from gut content analyses (see Fig. 
4.14; Chapter III), where seasonal changes in the diet were relatively small. Results 
from both stable isotope and fatty acid analyses indicated that annelids, bivalves and Chapter IV 
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benthic crustaceans such as amphipods and decapods were likely food sources in the 
diet of this species. In summer/autumn, the MDS ordination results showed that the 
fatty  acid  composition  of  A. butcheri  was  very  similar  to  that  of  bivalves  and 
amphipods, while the δ
15N and δ
13C values indicated that it was consuming annelids, 
bivalves  and  decapods.  In  winter/spring,  crustaceans  (decapods,  amphipods)  and 
fishlarvae were likely food sources according to fatty acid composition, while annelids, 
amphipods and decapods were included in the diet according to graphical stable isotope 
analyses.  The  categorisation  of  gut  contents  into  major  groups  was,  in  general, 
consistent with these results from stable isotope and fatty acid analysis, showing the 
large contribution of benthic fauna to A. butcheri’s diet all year round. Benthic flora 
also contributed to the diet of A. butcheri, except in winter, when it was replaced by 
terrestrial  flora  (Fig.  4.14).  Sparids  are  known  to  possess  amylase  to  digest 
carbohydrates  in  plant  material  (Fernández  et  al.  2001),  as  well  as  the  ability  to 
incorporate plant carbon into their tissues (Havelange et al. 1997), allowing A. butcheri 
to assimilate carbon contained in the plants.  
Several  studies have provided data on the stomach contents  of the  estuarine 
species  Acanthopagrus  butcheri  in  different  water  bodies  in  Western  Australia  and 
described it as an opportunistic omnivore (Sarre et al. 2000; Chuwen et al. 2007; this 
study). Previous investigations of the diet of A. butcheri in the Swan River found that it 
contributed ca 85 % V of fauna, of which < 1 % V was terrestrial (insects), while the 
remainder  was  benthic  fauna  (e.g.  64  %  bivalves;  Sarre  et  al.  2000).  The  dietary 
compositions of A. butcheri underwent pronounced ontogenetic changes, while seasonal 
changes in diet were not detected. Sarre et al. (2000) concluded, that A. butcheri in the 
Swan  River  selected  prey  from  mainly  on  or  above  the  substratum  when  it  was 
abundant, while it fed on infaunal prey in a system with lower prey diversity (Lake 
Clifton). A further study in the Swan River reported A. butcheri to feed mainly on 
benthic fauna and algae (Holt 1978), which is consistent with results from the present 
study.  
According to graphical analyses, likely sources of carbon at the base of the food 
web, which were either consumed directly by A. butcheri (who exhibited values of -26.4 Chapter IV 
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and -26.5 ‰ in summer and winter, respectively) or by intermediate consumers, were 
detritus in both summer (-25.9 ‰) and winter (-24.7 ‰). A combination of seston, 
sPOM, angiosperms and cyanobacteria are proposed as being further sources of carbon 
in the diet of A. butcheri, but the percentage contribution of these groups needs further 
investigation. Mixing models, which can aid in the determination of at least maximum 
and minimum contributions of a certain dietary source to the diet of a species, would be 
helpful but are difficult to apply in this study  due to  the large number of potential 
sources of carbon (for rationale see Phillips & Gregg 2003). 
Polyunsaturated fatty acids (PUFAs) dominated the fatty acid composition of 
A. butcheri  in  each season, with  the highest  contribution  in  spring (i.e. 51 % tFA), 
concurrent with an increase in the contribution of DHA. The consistent contribution of 
20:4(n-6) (6 – 7 % tFA) in A. butcheri indicated a food chain based on benthic sources 
(Budge et  al. 2002;  Käkelä et  al. 2005). Benthic prey organisms,  such as  annelids, 
amphipods and molluscs, also showed an elevated content of this fatty acid in their 
tissue (Fig. 4.6), underlining their importance in A. butcheri’s diet. This fatty acid also 
typified the fatty acid composition of A. butcheri in spring, when it made its greatest 
contribution to tFA. 
The DHA:EPA ratio in A. butcheri was intermediate to those for P. olorum and 
L. wallacei. These two fatty acids are both integral parts of cell membranes and are 
therefore retained in the tissues of each organism. This fact makes it more difficult to 
use DHA and EPA as trophic markers, since each organism incorporates these PUFAs 
into their membranes and not solely uses them for nutritional purposes (Sargent et al. 
1999;  Berg  et  al.  2002).  Therefore,  contents  of  DHA  and  EPA  can  vary  due  to 
differences  in  physiology  and metabolism  of each species. However, the trend of  a 
decreasing DHA:EPA ratio from pelagic (L. wallacei) to benthic (P. olorum) feeding 
fish  was  a  trend  that  was  also  found  in  the  prey  organisms  of  the  fish,  i.e.  high 
DHA:EPA ratios in pelagic prey and low ratios in benthic prey. This fact indicated that 
not only the physiology of fish, in regards to maintaining membrane fluidity, but also 
the dietary composition influenced the DHA:EPA ratio in each fish species. In general, 
DHA accumulated in higher trophic levels. The results for the three species of fish Chapter IV 
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treated in this study and their prey items suggest that the DHA:EPA ratio could be used 
as a trophic marker for the feeding mode of estuarine fishes. This hypothesis is tested 
further for the fish species and their prey in Wilson Inlet, a seasonally-open estuary on 
the south coast of Western Australia (Chapter V).  
Significant changes in the δ
13C value of the different size-classes of A. butcheri 
were evident. In larger fish, δ
13C values were more negative and hence the input of 
terrestrially  derived  carbon  is  likely  to  be  more  important  than  in  the  smaller  size-
classes.  Larger  fish  also  had  larger  amounts  of  algae  and  smaller  amounts  of 
polychaetes  in  the  guts  than  smaller  fish  (see  Chapter  III).  This  could  be  due  to 
terrestrial carbon derived from decaying detritus entering the food chain via benthic and 
pelagic micro-and macroalgae, which is ingested increasingly as the fish increases in 
length.  No  differences  were  found  in  δ
15N  values  of  the  various  size-classes  of 
A. butcheri, the trophic level of the species did not change with increasing length. Note 
that  only  fish  between  86  and  265  mm  in  length  were  analysed  for  their  isotopic 
composition in the Upper Swan River during this study, and only four individuals were 
> 218 mm and therefore considered to be adults (Sarre & Potter 1999). The fatty acid 
data revealed significant differences in composition among size-classes for A. butcheri. 
The contribution of 18:2(n-6), a possible marker fatty acid for terrestrial and pelagic 
systems (Napolitano et al. 1997; Budge et al. 2002; Käkelä et al. 2005), was similar in 
all size-classes (ca 1.6 % tFA), while the DHA:EPA ratio increased from ca 1 % to ca 4 
% tFA with increasing size of fish (data not shown). This finding suggests that, while all 
sizes of A. butcheri ingest terrestrial prey, the contribution of pelagic prey in the diet 
tended to increase with increasing size of fish. Since no pelagic prey were found in the 
guts of larger A. butcheri, this finding could be related to the fact that larger A. butcheri 
are able to ingest teleosts larvae, due to the larger mouth gape in larger individuals, 
which themselves feed, to a certain extent, on pelagic copepods (Gaughan & Potter 
1997; Norriss et al. 2002). The fatty acid 18:2(n-6) could therefore be transferred from 
pelagic copepods via teleost larvae to A. butcheri. Chapter IV 
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4.5.3  Trophic niche of Leptatherina wallacei 
  Seasonal changes were found in the fatty acid composition and stable isotope 
values L. wallacei, but were greater for fatty acids than stable isotopes. The differences 
were, at least in part, due to  a change in the percentage volumetric contribution of 
benthic, pelagic and terrestrial prey in the guts of this species (see Fig. 4.14; Chapter 
III). While benthic prey contributed ca 88 % V to the gut contents in summer, pelagic 
fauna dominated the diet of this species in spring (63.4 % V). This species seemed to 
feed opportunistically on the large amounts of zooplankton (i.e. calanoid and cyclopoid 
copepods) available in spring, while in winter, when these organisms are scarce (e.g. 
Froneman 2004), terrestrial insects contributed greatly to the diet. A previous study also 
found that pelagic flora (unicellular algae) and fauna (planktonic crustaceans, flying 
insects) were important in the diet of this species (Prince et al. 1982). Unlike A. butcheri 
and P. olorum, the δ
13C values of L. wallacei were depleted in winter compared to 
summer,  suggesting  that  pelagic  prey,  which  distinguished  the  diet  of  this  species 
mainly from that of the other fish species (see Chapter III), reacts fastest to increased 
freshwater input into the system by incorporating the heavy 
13C isotope into its tissue. 
This  terrestrial,  nutrient  rich  run-off  is  taken  up  by  pelagic  microalgae  and 
microcrustaceans, which in turn are part of the diet of this fish species. Therefore, a 
decline in rainfall, as it has been observed in the Swan-Avon catchment over the last 40 
years, could potentially influence the magnitude of terrestrial carbon available for this 
species. 
The  nMDS  ordination  of  the  fatty  acid  composition  of  fish  and  prey  in 
summer/autumn clearly separated the point for L. wallacei from those for the other two 
predatory fish species, indicating that the fatty acid composition was similar to that of 
decapods and pelagic food sources, i.e. seston samples. In winter/spring, amphipods 
were most similar in fatty acid composition to L. wallacei, followed by various pelagic 
prey (i.e. calanoid and cyclopoid copepods, fishlarvae and seston fractions). The δ
15N 
and δ
13C values in summer/autumn indicated a consumption of bivalves, seston and 
calanoid  copepods,  while in  winter, amphipods  and benthic  (harpacticoid)  copepods 
were  likely  food  sources.  These  results  and  those  from  the  gut  content  analysis Chapter IV 
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(Chapter III) clearly show that pelagic prey are a greater part of the diet and the food 
assimilated  by  L.  wallacei  than  A. butcheri  and  P. olorum.  It  should  be  noted  that, 
despite their morphological similarity, atherinids display different feeding modes. For 
example  in  the  Swan-Canning  estuary,  Atherinosome  elongata  and  Craterocephalus 
mugiloides feed less on pelagic prey than  L. wallacei (Prince et al. 1982). Atherina 
boyeri (Risso 1810) in the Mediterranean had enriched δ
13C values throughout the year 
(Vizzini & Mazzola 2002) and it was concluded that this species was exploiting mainly 
benthic prey, which was in partial disagreement to another study on this species using 
gut content analyses, which reported  A. boyeri to consume benthic (amphipods) and 
planktonic (calanoid copepods) prey (Gon & Ben-Tuvia 1983). They also postulated 
that  A. boyeri  displays  an  opportunistic  feeding  behaviour,  a  hypothesis  which  is 
supported, in the case of L. wallacei, by the results of this study (see also Chapter III). 
The differing feeding modes of atherinids are also related to the differing morphology 
of their gill rakers, which are fewer, shorter and stouter in benthic feeding atherinids 
compared to those of L. wallacei (Prince et al. 1982). 
Leptatherina wallacei displayed the most negative carbon values of all predatory 
fish species in each season. This could be due to a combination of the influence of 
terrestrially  derived  carbon  in  the  diet  of  L. wallacei,  as  well  as  a  substantial 
contribution of pelagic prey (e.g. fishlarvae, calanoid and cyclopoid copepods), which 
also  exhibited  very  negative  δ
13C  values.  This  result  is  supported  by  results  of  gut 
content analyses (see Fig. 4.14; Chapter III), which showed that, on average for 2007, 
even though benthic fauna constituted the majority of the gut contents of L. wallacei (ca 
60  %  V),  pelagic  fauna  also  contributed  majorly  to  the  diet  (29 %  V),  comprising 
calanoid  copepods  (i.e.  15.8  %  V)  and  crustacean  larvae  (zoëa),  the  latter  being 
consumed only by this fish species (see Chapter III).  
The  δ
15N  values  of  this  species  were  highest  in  summer  (16.2  ‰),  which 
coincided with the greatest contribution of benthic fauna in the guts of this species (Fig. 
4.14). Summer was the only season when L. wallacei displayed the highest δ
15N values 
of the three fish species. Chapter IV 
117 
As in A. butcheri, polyunsaturated fatty acids (PUFAs) dominated the fatty acid 
composition of L. wallacei in each season, with the highest contribution in winter (i.e. 
52.5 % tFA). This was mainly due to the high contributions of DHA (ca 25 – 30 % 
tFA), while EPA only contributed between 5 – 6 % tFA. This pattern of high DHA and 
low EPA contributions to tFA content has also been observed in muscle as well as other 
tissues of a Mexican atherinid, Chirostoma estor estor (Martínez Palacios et al. 2006). 
The contribution of 20:4(n-6) to the total fatty acid composition was lowest out of the 
three  fish  species,  indicating  the  least  dependence  on  benthic  food  sources. 
Contributions of 18:3(n-3) and 18:4(n-3) were > 1 % tFA in each season, while they 
only ranged from 0.1 – 0.3 % tFA, with one exception, in all seasons in the other fish 
species. These two fatty acids have been postulated to be indicative of pelagic systems 
(Budge et al. 2002; Käkelä et al. 2005), and contributed moderately to substantially to 
the tFA composition of seston, angiosperms, calanoid copepods, insects and C. minor in 
this study.  
Interestingly, the contribution of 18:2(n-6), which can be derived from terrestrial 
plant material (i.e. seed lipids; see Napolitano et al. 1997), and contributed greatly to the 
tFA composition of angiosperms in this study, was highest in this species, and increased 
markedly from summer to spring (1.6 to 4.5 % tFA). This could be related to the fact 
that most terrestrially derived plant material would enter the river during winter with the 
increased amount of precipitation, and the contained nutrients would be made available 
by decomposing bacteria soon afterwards, e.g. in spring, and can then enter the food 
chain. Since 18:2(n-6) is also abundant in pelagic systems (Budge et al. 2002; Käkelä et 
al. 2005), and contributed to the tFA composition of seston  (2.6 – 6.6 % tFA) and 
calanoid copepods (ca 3.6 % tFA) in this study, the high contribution of 18:2(n-6) in 
spring also underlined the importance of pelagic fauna in the diet of L. wallacei in that 
season (compare Fig. 4.14). 
Leptatherina wallacei had the highest lipid content in muscle tissue of the three 
predatory fish species studied, which, overall, was low (ranging from 1.9 % DW in 
A. butcheri  in  spring  to  4.2  %  DW  in  L.  wallacei  in  winter).  The  lipid  content  in 
L. wallacei increased from summer (3.6 % DW) to a high in winter (4.2 % DW), then Chapter IV 
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declined again in spring. This seasonality could be related to the reproductive cycle of 
L. wallacei, who spawns in late spring (November; Prince & Potter 1983), when lipid 
reserves are advantageous. A differing pattern of storing lipids has been observed in an 
atherinid from a northern hemisphere estuary, Atherina boyeri, which exhibited highest 
mesenteric lipid contents in early winter, lowest lipid levels in spring and spawned in 
early summer (Palmer & Culley 1983). 
The  DHA:EPA  ratio  was  higher  in  L.  wallacei  than  in  A.  butcheri  and 
P. olorum, which is consistent with its greater consumption of pelagic prey (i.e. seston, 
fishlarvae and pelagic copepods) and the higher DHA:EPA ratios for these prey. The 
contribution of DHA seemed to accumulate with trophic level. The high DHA:EPA 
ratio seemed to indicate the pelagic feeding mode of this atherinid. 
The regression analysis showed that the δ
15N and δ
13C values for L. wallacei 
were both significantly correlated with fish length, while the one-way PERMANOVAs 
on δ
15N and δ
13C values revealed significance only for the latter isotope. The δ
13C value 
became less negative as the fish increased in length, which could be due to terrestrial 
sources becoming less important in the diet as L. wallacei increases in size. This is 
contradictory  to  the  information  derived  from  gut  contents,  where  terrestrial  insects 
were  consumed,  to  a  greater  extent,  by  fish  >  59  mm  (see  Chapter  III).  Overall, 
PERMANOVA  on  the  fatty  acid  composition  of  L.  wallacei  showed  no  significant 
differences between the different size-classes, but there was a prominent change in at 
least  one  fatty  acid,  22:6(n-3),  whose  contribution  increased  by  ca  10  %  tFA  as 
L. wallacei  grew  in  size.  This  could  be  related  to  the  fact  that  organisms  seem  to 
accumulate DHA over time, causing older fish to exhibit a higher DHA content than 
younger fish. 
4.5.4  Trophic niche of Pseudogobius olorum 
Like  L.  wallacei,  seasonal  changes  in  biochemical  marker  composition  of 
P. olorum  were  more  apparent  in  fatty  acid  composition  (5  out  of  6  significant 
comparisons) than stable isotopes (two significantly different comparisons), with again 
summer  being  the  season  most  distinct  from  others.  In  summer,  the  δ
15N  and  δ
13C Chapter IV 
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values of P. olorum were similar to those of A. butcheri, and the same was true for their 
fatty  acid  composition,  which,  for  both  species,  was  correlated  with  the  content  of 
20:5(n-3) in that season. This could be related to the fact that both species consumed a 
substantial  amount  of  benthic  flora  in  summer,  and  20:5(n-3)  can  indicate  a 
consumption  of  diatoms  and  red  macroalgae  (Khotimchenko  &  Vaskovsky  1990; 
Parrish  et  al.  2000).  Furthermore,  20:5(n-3)  made  notable  contributions  to  the  tFA 
composition of annelids, crustaceans (apart from calanoid copepods) and seston (which 
contains diatoms and other microalgae) in this study, indicating the importance of these 
prey items in the diet of P. olorum. 
The nMDS ordination showed that the fatty acid composition of P. olorum was 
most similar to those of bivalves and G. propodentata, and generally closest to those of 
annelids. The δ
15N and δ
13C values of P. olorum indicated annelids, bivalves and seston 
as likely food sources. In winter, crustaceans (G. propodentata, decapods) and seston 
exhibited similar fatty acid composition patterns to P. olorum, while δ
15N and δ
13C 
values revealed annelids, amphipods, cyanobacteria, sPOM and detritus as likely prey 
items.  The  results  from  the  analyses  of  gut  contents  (Chapter  III;  Fig.  4.14)  were 
consistent  with  the  findings  from  biochemical  markers,  showing  that  P. olorum 
consumed greater amounts of benthic than pelagic prey. Spring was the only season 
where prey other than benthic prey, in this case pelagic fauna, made contributions of 
> 5 % V to the gut contents of P. olorum, which may indicate its opportunistic feeding 
on the abundant zooplankton in that season. 
The  δ
13C  values  of  the  main  dietary  items  of  P.  olorum  did  not  vary  greatly 
between seasons and indicated that carbon assimilated by this species is likely to consist 
of a mixture of varying amounts of seston, detritus, cyanobacteria and sPOM. 
The results from my studies, based on the biochemical markers and gut content 
analyses, are consistent with previous dietary studies of this species, which have found 
that  P. olorum  feeds  mainly  on  detritus,  crustaceans,  zooplankton,  insects,  plant 
material, algae and mats of bacteria and fungi (Gill & Potter 1993; Mazumder et al. 
2006; Becker & Laurenson 2007). Chapter IV 
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The lipid content in P. olorum ranged from 2.2 to 2.8 % DW, with highest values 
in winter. In temperate fishes, seasonal variation in lipid content are largely due to either 
overwintering strategies (Schultz & Conover 1997; Berg et al. 2000) or reproductive 
processes  (Reznick  &  Braun  1987),  and  the  greatest  changes  in  lipid  content  are 
sometimes observed in winter. Two species of goby from the Mediterranean stored their 
lipids mainly in their liver, and lipid content in their muscle flesh did not vary greatly 
between the reproductive and non-reproductive seasons (Fiorin et al. 2007). 
As  in  both  A.  butcheri  and  L.  wallacei,  polyunsaturated  fatty  acids  (PUFAs) 
dominated the fatty acid composition of P. olorum in each season, with the highest 
contribution  in  winter  (i.e.  47.1 %  tFA).  Since  the  gut  contents  did  not  reveal  any 
particular prey items that were dominant in winter but not in the other seasons, the high 
amount of PUFAs, particularly those of DHA and EPA, could be due to physiological 
effects,  where  P.  olorum  actively  retains  these  fatty  acids  in  the  tissue  for  either 
membrane fluidity or energy reserves (Jonsson & Jonsson 2005; Plante et al. 2005; 
Lloret et al. 2008). The contribution of 20:4(n-6) to the total fatty acid composition was 
only  slightly  lower  than  in  A. butcheri,  suggesting  that  benthic  food  sources  are  an 
important component in the diet of this species, as this FA was also abundant in the 
tissue of annelids, amphipods and molluscs. Among the MUFAs, the contribution of 
18:1(n-7) was highest in P. olorum, indicating both a close connection to a benthic food 
web (with annelids, amphipods and decapods showing substantial contributions of this 
FA to their tFA composition) as well as herbivorous feeding (Dalsgaard et al. 2003). 
Furthermore, this fatty acid has been proposed as a marker for bacterial input into the 
diet by other authors (Volkman et al. 1980; Kharlamenko et al. 1995; Cook et al. 2000), 
indicating a possible source of nutrition from bacteria. Other bacterial FAs are often 
iso-, anteiso- and mid-chain branched FAs (Volkman 1998), which were not detected by 
the GC with the method applied in this study. These results agree with results from gut 
content analyses, as benthic flora made a greater contribution to the diet of P. olorum 
than A. butcheri and L. wallacei, especially in spring and summer, when the abundance 
of benthic flora is great (e.g. Hillman et al. 1995; Astill & Lavery 2004). Pseudogobius 
olorum also had the lowest DHA:EPA ratio, which is proposed to decrease as the mode Chapter IV 
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of benthic feeding increases. Furthermore, lowest DHA:EPA ratios (< 1) in prey items 
were  found  in  cyanobacteria,  angiopsermae,  algae,  detritus,  sPOM  and  annelids,  all 
items also found in the guts of P. olorum.  
The results from correlations between the length of P. olorum and stable isotope 
values of δ
15N and δ
13C, and those from multivariate analysis (PERMANOVA), found 
that δ
15N decreased with fish size but that δ
13C was not influenced by length. This 
suggests that, with increasing size of P. olorum, the importance of faunal prey in the 
diet decreased,  while the sources  of carbon at  the bottom  of the food  chain  stayed 
relatively constant. This result was not supported by results from gut content analyses, 
which also used data derived from guts of fish < 20 mm in length (therefore including a 
third size-class), and showed an increase in the amount of faunal prey in the diet with 
increasing  size  of  P.  olorum  (compare  with  Chapter  III).  While  algae  decreased  in 
importance in the diet, the contributions of polychaetes and amphipods increased in 
larger P. olorum. 
The fatty acid composition of P. olorum also differed between size-classes, with 
the main differences being the decreasing contribution of 18:0 (ca 12 to ca 10 % tFA) 
and 20:5(n-3) (ca 14 to ca 12 % tFA) with size. The contribution of 16:0 increased in 
larger fish (ca 20 to ca 21 % tFA) (data not shown). These subtle differences may be 
related to changes in the proportion of membrane fatty acids (16:0 and 20:5(n-3)) to 
dietary fatty acids as the fish increase in length. 
4.5.5  Trophic structure and estuarine food webs 
The δ
15N values of A. butcheri, L. wallacei and P. olorum within the Upper Swan 
River did not vary greatly among these species with differing feeding modes. Assuming 
a fractionation of 3.4 ‰ per trophic level, the δ
15N of each fish collected in the Upper 
Swan River spanned ca 1.5 trophic levels, with the majority of values lying within the 
range of one trophic level. Therefore, all fish were occupying a similar trophic level in 
the Upper Swan River.  It  is  important  to  note that the analysis of trophic level  (N 
isotopes) is confounded with the analysis of source (C isotopes). This is due to the fact 
that  trophic  levels  are  generalised  and  ignore  the  very  substantial  variability  within Chapter IV 
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“levels” (e.g. plants). As shown in Fig. 4.1a, some animals (calanoid copepods) are 
below  trophic  level  1  (plants).  Therefore,  a  fish  or  other  animal  consuming  those 
copepods  in  any number will be wrongly allocated to  trophic level,  a  problem that 
commonly arises for this form of analysis when used in complex systems such as upper 
estuaries (R. Connolly, pers. comm.). 
The  δ
15N  values  for  fish  in  the  Swan-Canning  estuary  ranged  from  14.2  to 
16.1 ‰, which is higher than those recorded for the same or closely related species in 
the  Leschenault  Inlet,  200  km  south  of  the  Swan-Canning  system  (Svensson  et  al. 
2007).  Svensson  et  al.  (2007)  recorded  δ
15N  values  that  were  2  to  7  ‰  lower  for 
A. butcheri,  Leptatherina  presbyteroides  and  the  goby  Favonigobius  lateralis  (12.3, 
10.7 and 9.1 ‰, respectively) in the less modified Leschenault Inlet than those recorded 
in the Swan-Canning estuary. In Wilson Inlet, the latter two species were found to have 
a  comparable  diet  to  the  closely  related  species  in  the  Swan-Canning  estuary 
(L. wallacei  and  P.  olorum)  (Humphries  &  Potter  1993).  These  differences  in  δ
15N 
values are likely to reflect a difference in the source values of δ
15N in the Swan-Canning 
estuary compared with the Leschenault Inlet, where the nitrogen substrate entering the 
food chain is more depleted in the heavy isotope due to less anthropogenic influence in 
the catchment of this system than in the Swan-Canning estuary. It has been shown that 
greater anthropogenic input of nutrients, e.g. sewage input into a system, elevates the 
δ
15N  values of organisms  within that area  (McClelland  et  al. 1997; Costanzo et  al. 
2001). The catchment of the Leschenault has retained more of its native vegetation than 
the  severely  modified  Swan-Canning  catchment  (Brearley  2005).  Differences  in  the 
feeding behaviour of the fish species between estuaries could also  contribute to the 
differences in δ
15N values between the Swan-Canning and Leschenault estuaries. For 
example, A. butcheri consumed more plant material in the Walpole/Nornalup Inlet on 
the south coast than in the Swan-Canning estuary (Sarre et al. 2000). This difference in 
proportion of plant material is likely to lead to lower δ
15N values for A. butcheri in the 
Walpole/Nornalup than in the Swan-Canning estuary. 
The δ
15N values recorded for the flora and fauna in the Upper Swan River ranged 
from 3.8 to 16.8 ‰, indicating that ca 4 trophic levels are present, which is usually the Chapter IV 
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case with ecological food chains (Pimm & Lawton 1977), with fish species occupying 
the highest trophic level. Note that sharks were not included in this study, which would 
constitute the highest trophic level. The lower trophic levels were not distinct, as the 
expected trophic enrichment of ca 3.4 ‰ between trophic levels was not always given. 
Mainly the invertebrates exhibited a considerable amount of overlap in stable isotope 
signatures. This is certainly related to the fact that that estuarine invertebrates can be 
generalist feeders (Shepherd & Thomas 1982), ingesting a mixture of flora and fauna 
from various trophic levels, and indicates that several trophic pathways are possible 
from primary producers to fish. 
The results from nMDS ordination of fish and prey fatty acid composition in both 
seasons gave similar results to those from δ
15N analysis, clearly distinguishing primary 
producers from annelids, gastropods and bivalves (trophic level 2 to 3) and fish and 
decapods (trophic level 3 to 4). This indicated that FA data are potentially useful for 
separating trophic levels. 
The average δ
15N value for primary producers (the baseline value) in the Upper 
Swan River was similar in both summer and winter, i.e. 6.3 and 7.1, respectively. This 
indicates that similar types of terrestrially derived carbon enter the system throughout 
the year. The high contribution of 18:3(n-3) observed in angiosperms is consistent with 
the fact that this fatty acid, as well as 16:0 and 18:2(n-6), are abundant in terrestrial 
plants (Jeffries 1972; Henninger et al. 2009). 
Decapods  displayed  the  highest  δ
15N  values  of  all  invertebrates.  This  finding 
suggests that these decapods are opportunistic omnivores, as they displayed similarly 
high δ
15N values as the three fish species in the Upper Swan River, which were also 
classified  as  opportunistic  and  omnivorous.  This  parallels  the  situation  for  another 
decapod,  Palaemonetes  pugio, which consumes mainly epiphytes on seagrass  rather 
than the seagrass itself, as well as detritus, microalgae and invertebrates (Morgan 1980; 
Quiňones-Rivera & Fleeger 2005), while another decapod, Palaemonetes intermedius, 
feeds on detritus, microalgae, animal remains and organic/anorganic particulate material 
(Odum & Heald 1972). The δ
15N values for the decapods (ca 15 ‰) in the Upper Swan 
River were higher than those recorded for the decapod Palaemon sp. in the Leschenault Chapter IV 
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Estuary (8.95 ‰) (Svensson et al. 2007). This parallels the results for the fish species, 
as decapods may be relying on the reduced nitrogen, which enters the severely modified 
Swan-Canning estuary to a larger extent than for example the Leschenault Inlet, and/or 
the animals may be feeding on detritus derived from nitrate-using plants rather than 
from N2-fixing plants, with both fact possibly causing higher δ
15N values in consumers. 
One decapod sample contained large amounts of the fatty acid 24:1(n-11) (17.5 % tFA), 
which  can  be  biosynthesised  by  herbivorous  calanoid  copepods  (Kattner  &  Hagen 
1995). This fact underlined the importance of zooplankton in the diet of decapods. 
The δ
15N of annelids, derived from averaging values for samples of nereids and 
orbinids, were high in the Upper Swan River (ca 12 ‰). The nereids and orbinids are 
mainly detritus/deposit feeders, herbivorous with bacterial ingestion, while Ceratonereis 
sp. can also be predatory and prey on crustaceans or other polychaetes (Cammen 1980; 
Glasby et al. 2000; M. Wildsmith pers. com.). Since the δ
15N ratios of detritus varied 
greatly between summer (6.7 - 11.6 ‰) and winter (1.7 - 5.7 ‰), 1 to 2 trophic levels 
lay in between them and those values for polychaetes, indicating a mixed diet of flora 
and fauna of these invertebrates. The fact that annelids displayed a low DHA:EPA ratio 
(< 1) supported the hypothesis that this ratio decreases from pelagic to benthic prey 
species. 
Bivalves always had slightly lower δ
15N values (ca 10 ‰) and lower δ
13C values 
(-28 ‰) than annelids. This could be the consequence of their suspension feeding on 
phytoplankton  and  benthic  microalgae,  which  has  been  reported  previously  for  this 
group (e.g. Riera et al. 1999; Page & Lastra 2003). In the Upper Swan River, the δ
13C 
values of bivalves were about 1 ‰ higher than those for seston, indicating that seston is 
an important source of carbon for bivalves in this river. The results for the DHA:EPA 
ratio in molluscs was 1 to 2, which supported the hypotheses that this ratio is indicative 
of feeding mode. Bivalves are generally suspension feeders and consume pelagic prey, 
which, in this study, had higher ratios than benthic prey. 
The Formicidae had δ
15N values of ca 9 ‰, which corresponded to an occupation 
of trophic level 2 and indicated a herbivorous feeding mode. This was not in agreement 
with previous reports of the Formicidae being omnivorous, consuming greater amounts Chapter IV 
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of  live  than  dead  prey  (Hölldobler  &  Wilson  1990;  Fotso  Kuate  et  al.  2008). 
Interpretation of results from biochemical analyses for Formicidae are difficult as they 
mainly belong to a terrestrial food web and were only investigated here since they were 
found in the guts of mainly L. wallacei. 
A study by Baeta et al. (2009) investigated the food web in an estuary in Portugal, 
where the main primary producers  were  seagrass, macroalgae,  and sedimentary and 
pelagic particulate organic material. The fish species showed much lower δ
15N values 
(ca  3-4 ‰)  than  those  examined  in  this  study,  while  primary  producers  and 
invertebrates exhibited similar values to those observed here. The δ
13C values of all 
organisms sampled were between 4 – 10 ‰ higher than those observed in this study, 
indicating that different sources of carbon support the food web in the Mondego estuary 
in Portugal. Baeta et al. (2009) concluded that seagrass was contributing to the carbon 
sources in the diet of copepods during the time of phytoplankton bloom, while the rest 
of the year, terrestrial organic material was a greater contributor. Terrestrial material has 
been shown to contribute year-round, but especially in times after terrestrial run-off, to 
the organic material  sources  in  a Mediterranean coastal  lagoon  (Vizzini & Mazzola 
2003),  where  the  mean  δ
13C  value  for  consumers  was  -16.5  ‰.  The  δ
13C  values 
observed in this study were generally lower, further indicating that terrestrially derived 
organic material is an important contributor to the carbon assimilated by consumers. 
4.6  Summary 
As  suggested  in  hypothesis  1,  this  study  clearly  demonstrated  that  the  three 
abundant members of the nearshore fish fauna of the Upper Swan River, i.e. A. butcheri, 
L. wallacei and P. olorum, utilised a combination of different sources of nutrients and 
pathways of material transfer from primary producers to fish species. Both fatty acid 
and stable isotope analyses revealed that terrestrial and pelagic food sources were most 
important in the diet of L. wallacei, the pelagic feeder, while benthic prey was most 
prominent in the diet of the benthic feeder, with A. butcheri intermediate.  
Seasonal and size-related changes in biochemical composition of fish species, as 
suggested in hypothesis 2, were detected. Fatty acid composition analysis proved to be Chapter IV 
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more sensitive to detecting seasonal changes in trophic marker composition than δ
15N 
and  δ
13C  values.  Least  seasonal  changes  were  observed  in  A.  butcheri,  which  is 
therefore thought to be the least opportunistic feeder of the three fish species studied. 
The synthesis of information from stomach content analyses showed that A. butcheri 
consumed greater volumes of benthic flora in spring and summer, when the biomass of 
aquatic plants is high. Pelagic prey were the second most important items in the diet of 
L. wallacei,  except  in  winter,  when  terrestrial  fauna  made  its  largest  volumetric 
contribution. Pseudogobius olorum consumed mainly benthic fauna, but also utilised 
benthic flora in spring and summer.  
The analysis of δ
15N values for fish and prey indicated that 3 to 4 trophic levels 
were present in that part of the food web of the Upper Swan River that was sampled. 
The δ
15N values of the aquatic fauna tended to overlap, indicating that consumers were 
feeding across a number of different trophic levels in the food web. The elevated δ
15N 
values of producers and consumers in the Upper Swan River suggested the existence of 
anthropogenic input of nitrogen at the system level.  Investigating δ
13C values provided 
useful information on the carbon sources fuelling the large production of fish biomass in 
the Upper Swan River. Chapter V 
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5.  Food web structure in a seasonally-open estuary on the south coast of Western 
Australia 
5.1  Abstract 
The sources of nutrients in the diet of three abundant members of the nearshore 
fish fauna of Wilson Inlet, a bar-built estuary on the south coast of Western Australia, 
were investigated using a combination of stable isotope analysis of carbon (δ
13C) and 
nitrogen  (δ
15N)  and  fatty  acid  composition.  Non-metric  multidimensional  scaling 
ordination  and  associated  tests  identified  significant  differences  in  biochemical 
composition  between  species  (Leptatherina  wallacei  –  pelagic  feeder,  Pseudogobius 
olorum – benthic feeder, Acanthopagrus butcheri – bentho-pelagic feeder), as well as 
between seasons. Leptatherina wallacei showed a greater influence of pelagic and/or 
terrestrial  carbon,  while  P.  olorum  was  influenced,  to  a  greater  extent,  by 
benthic/marine  carbon,  supported  by  the  fact  that  the  fatty  acid  composition  of 
P. olorum  was  highly  correlated  with  the  content  of  20:4(n-6),  which  was  high  in 
benthic prey. Intermediate in regards to its δ
13C values, A. butcheri always displayed the 
highest δ
15N values out of the three fish species, indicating a longer food chain between 
primary producers and A. butcheri or a more carnivorous diet, especially as the fish 
increased  in  size.  The  contribution  of  18:1(n-9)  increased  throughout  the  year  in 
A. butcheri, which was consistent with an increase in the ingestion of benthic flora, 
which had high contents of this fatty acid. The above facts indicate that the three species 
are assimilating their nutrition from different sources in Wilson Inlet. The DHA:EPA 
ratio decreased from pelagic (L. wallacei) to benthic (P. olorum) feeding fish and their 
prey, supporting the hypothesis that this ratio can be used as an indicator for the feeding 
mode of estuarine fishes. 
5.2  Introduction 
In this Chapter, the assimilation of carbon, nitrogen and fatty acids in the tissues 
of A. butcheri, L. wallacei and P. olorum in Wilson Inlet, on the south coast of Western Chapter V 
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Australia,  is  investigated  to  determine  the  food  web  structure  in  a  seasonally-open 
estuary in Western Australia. 
Seasonally-open estuaries, like Wilson Inlet, form prominent sand bars at their 
mouths, which limits the exchange of oceanic and estuarine waters to a time when the 
bar is breached, usually after heavy winter rains, and while it remains open for varying 
periods  of  time,  depending  on  the  hydrological  and  geological  situation  around  the 
estuary (Water and Rivers Commission 2002; Brearley 2005). The flow of nutrients into 
and out of this type of estuary is greatly restricted depending on the status of the bar and 
the  amount  of  precipitation,  which  in  turn  influences  the  nutrients  available  for 
organisms within the estuary. During the time that the sandbar closes the mouth of a 
system,  there  is  greater  opportunity  for  terrestrial  carbon  to  be  assimilated  in  the 
estuarine  food  web  than  in  permanently-open  systems  such  as  the  Swan-Canning 
estuary, where tidal influence is continuous. It is likely that terrestrially derived carbon 
could have a greater contribution to the nutrients assimilated by A. butcheri in Wilson 
Inlet, as this species was sampled from the rivers, while the other fish and prey species 
were sampled in the basin of the Inlet. 
Wilson Inlet supports a diversity of species and contains a variety of habitats. The 
fish communities in Wilson Inlet have been studied in the 1980s and, more recently in 
the 2000s (Humphries et al. 1992; Potter et al. 1993; Potter & Hyndes 1994; Chuwen et 
al. 2009a). The benthic macroinvertebrate fauna of this system has also been described 
in detail (Platell & Potter 1996). Over the past 30 years, Wilson Inlet has shown signs of 
excessive  nutrient  enrichment  (Radke  et  al.  2004),  such  as  increased  aquatic 
macrophyte  growth  of  the  seagrass  Ruppia  megacarpa  (Lukatelich  et  al.  1987; 
Carruthers  et  al.  1999),  substantial  growth  of  epiphytic  algae  and  recurrent 
phytoplankton blooms in spring (Hodgkin & Lenanton 1981; Hosja & Deeley 1994; 
Dudley et al. 2001; Twomey & Thompson 2001). 
In this study, the stable isotope and fatty acid markers used in Chapter IV were 
applied to investigate the trophic interactions between dominant primary producers and 
consumers,  particularly  three  species  of  fish.  These  studies  have  provided  the Chapter V 
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information to characterise the food web  of fish with three different feeding modes 
(pelagic, bentho-pelagic and benthic) in Wilson Inlet. 
The nutrients in estuarine systems may be derived from terrestrial, estuarine or 
marine origins, and nutrients may be taken up by micro- and macroalgae, seagrass or 
microphytobenthos  (including  bacteria)  in  estuaries  (McLusky  &  Elliot  2004).  It  is 
particularly difficult to trace the fate of detritus, whose abundance has been named as 
one  of  the  reasons  for  the  great  productivity  of  estuaries.  The  aquatic  macrophyte 
Ruppia  megacarpa  Mason  is  the  only  aquatic  angiosperm  growing  in  Wilson  Inlet 
(Lukatelich et al. 1987; Platell & Potter 1996; Carruthers et al. 1999), and it dominates 
the  benthos  of  this  system.  The  biochemical  markers  used  in  this  study  provide  a 
method  of  testing  whether  this  angiosperm  is  contributing  directly  to  the  nutrients 
assimilated by higher level consumers in Wilson Inlet. 
5.2.1  Aims 
The overall aim of the study was  to describe the food web supporting three 
abundant members of the nearshore fish fauna, Acanthopagrus butcheri, Leptatherina 
wallacei  and  Pseudogobius  olorum,  of  Wilson  Inlet,  a  seasonally-open  estuary.  In 
Chapter IV, the Docosahexaenoic:Eicosapentaenoic (DHA:EPA) ratio was identified as 
a  potential  indicator  of  feeding  mode,  which  was  further  tested  in  this  Chapter  by 
investigating the biochemical marker composition of fish and potential prey items for 
their stable isotopes of carbon and nitrogen and fatty acid composition. The following 
hypotheses were examined: 
 
Hypothesis 1: Leptatherina wallacei and P. olorum will partition their resources 
between and within species by utilising different food sources, and this will be 
reflected  in  their  differing  stable  isotope  (δ
13C  and  δ
15N)  and  fatty  acid 
composition. 
 
Hypothesis 2: Acanthopagrus butcheri will differ in biochemical composition of 
stable isotopes and fatty acids from the above fish species, due to its occupation 
of a different feeding niche. Chapter V 
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5.3  Material and methods 
5.3.1  Study area and sampling regime 
This study was conducted in the seasonally-open Wilson Inlet on the south coast 
(between 117°20' and 117°29' E and 34°38' and 35°02' S) of Western Australia (see Fig. 
2.1).  Wilson  Inlet  has  a  Mediterranean  climate  with  highly  seasonal  rainfall,  ca 
1100 mm near the mouth, mainly in winter (Bureau of Meteorology 2008). Wilson Inlet 
has six tributary rivers, with most of the annual river flow coming through the Hay 
River (Hodgkin  & Clark 1988; Water and Rivers Commission 2002). Note that the 
winter of 2007 was the first year since records started in 1955 where the bar at the 
mouth  of  the  inlet  was  not  artificially  opened  and  it  remained  closed  for  the  year, 
preventing the exchange between estuarine and marine waters. 
Three  species  of  fish,  the  Black  Bream  Acanthopagrus  butcheri,  Wallace’s 
Hardyhead Leptatherina wallacei and the Bluespot goby Pseudogobius olorum, were 
collected seasonally from nearshore, shallow waters (< 1.2 m depth) at three sites on the 
northern shore of the main basin of Wilson Inlet (Fig. 2.1). Since only five individuals 
of A. butcheri were caught at any one of the basin sampling sites during this study, 
additional  individuals  were  collected  from  the  Hay  River  with  sunken  composite 
multifilament gill nets, comprising 20 m panels of mesh sizes of 35, 51, 63, 76, 89 or 
102 mm, respectively (for details of gill netting see Chuwen et al. 2009a). Prey items 
were  collected  from  Wilson  Inlet  for  stable  isotope  and  fatty  acid  analysis  in  the 
summer and winter of 2007 (see Chapter II for details). 
Sampling was conducted in the middle month of each season of 2007 (i.e. in 
January (summer), April (autumn), July (winter) and October (spring) of 2007). Fish 
were collected between 10:00 and 19:00 h, using the same small seine net described in 
Chapter II that was used to sample fish in the Swan-Canning estuary (see Linke et al. 
2001; Hourston et al. 2004; Hoeksema et al. 2009). Six individuals of each species were 
randomly selected from the total catch of each sample, encompassing the full length 
range in each sample. Fish were euthanased in an ice slurry and tissue samples were Chapter V 
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dissected for biochemical analyses within 24 hours of collection (see Chapters II and 
IV). 
The  methodologies  for  sampling  the  prey  of  these  three  fish  species,  and 
preparing tissue samples for stable isotope and fatty acid analyses, have been described 
in Chapters II and IV. In Wilson Inlet, a water light trap (Beckley & Naidoo 2003), 
which was deployed from the boat for an hour after sunset, was also used to collect 
nocturnally  active,  pelagic  organisms  (e.g.  isopods,  polychaetes,  mysids  and  larval 
fishes). Note that the samples of larval fishes and marine teleosts consisted of different 
species. Additional samples of terrestrial vegetation were collected by hand from around 
the basin and rivers of Wilson Inlet in autumn 2009.  
5.3.2  Laboratory procedures 
The laboratory procedures for preparing samples of fish and prey for biochemical 
analyses  have  been  described  in  detail  in  Chapter  II.  The  δ-value  of  a  sample  was 
determined for both 
13C and 
15N as described in Chapter IV (subsection 4.3.2). It is 
defined as the relative difference in part per thousand (‰, per mill), between the isotope 
ratio of the sample (RSpl) and the reference standard (RStd) as per the following equation: 
where R is the concentration ratio of heavy to light isotope, e.g. 
13C/
12C
 for carbon 
or 
15N/
14N for nitrogen. Fatty acid analyses were carried out as described in Chapter IV. 
5.3.3  Statistical analyses 
Stable isotope data were checked for normal distribution using the Kolmogorov-
Smirnov test (data not shown), and the mean values (± 1 SD, standard deviation) of 
δ
15N  and  δ
13C  were  calculated  for  each  taxa  in  each  season.  Mean  lipid  content 
(± 1 SD), in percent of dry weight (% DW), comprising fatty acids (FAs), fatty alcohols 
(FALs) and unidentified compounds, was calculated for each taxa in each season. The 
percentage contribution of FALs to the total lipid content was reported and not used in 
any further analyses, as they made low contributions and are not very well suited as 
 Chapter V 
132 
trophic markers. In fish species, unidentified compounds never contributed > 6 % DW 
to the lipid content, while highest contributions were found in the annelida (ca 24 % 
DW) and the mollusca (ca 19 % DW). Statistical analyses are based on identified FAs 
contributing > 1 % to the total fatty acid composition of each sample. Mean fatty acid 
composition (± 1 SD, standard deviation) in % of tFA of each fish species and prey taxa 
in each season was calculated and presented in Appendix B (subsequently referred to as 
Tables B5.2 - B5.9). Mean fatty acid composition (± 1 SD; % tFA) were also calculated 
for each fish species and abundant primary producer and consumer group (i.e. seston, 
algae,  seagrass,  sPOM,  annelida,  mollusca,  calanoid  and  harpacticoid  copepoda, 
amphipoda,  decapoda)  in  summer/autumn  and  winter/spring,  respectively,  and 
presented within the text. 
The  statistical  analyses  of  δ
15N  and  δ
13C  values  and  fatty  acid  composition 
followed those described in Chapter IV, except that only the two species L. wallacei and 
P. olorum caught in Wilson Inlet were included in the PERMANOVAs to investigate 
differences between species and seasons, and the regressions analyses to investigate 
size-related changes in both stable isotopes and fatty acid composition. Acanthopagrus 
butcheri was not included in these analyses, as it was not caught in the same locations 
as the two smaller species. Seasonal and size-related changes in stable isotope and fatty 
acid  composition  of  A. butcheri  were  therefore  analysed  separately.  The  number  of 
trophic levels within the system (and hence the length of the food chain) was derived 
from  calculating the  mean  δ
15N  value of all primary  producers sampled within one 
season (i.e. the baseline value) and using that as the trophic level one. A fractionation of 
3.4 ‰ per trophic level was assumed (Vander Zanden & Rasmussen 2001). For details 
of calculations see Chapter II. 
To  verify  the  potential  indicator  of  feeding  mode  (see  Chapter  IV),  the 
DHA:EPA  ratio  was  investigated  in  prey  organisms,  which  were  grouped  into 
terrestrial, pelagic and benthic flora and fauna (prey categories), respectively. Those 
samples  with  DHA:EPA  ratios  of  zero  or  negative  values,  i.e.  all  terrestrial  fauna, Chapter V 
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examples of seston, algae, detritus, sPOM, annelids, copepods and mysids, were not 
included in calculating the values for the broader groups. 
  To help compare and interpret the results with those from gut content analyses 
from Chapter III, dietary items were aggregated into larger groups of terrestrial, pelagic 
and benthic flora and fauna (major dietary groups). The mean volumetric contribution 
of  each  major  group  to  the  diet  of  each  fish  species  in  each  season  of  2007  was 
calculated.   
5.4  Results 
5.4.1  Water quality parameters 
Full details of the water quality parameters are provided in Chapter III (Fig. 3.1). 
Water temperature ranged from a low in winter of ca 14 °C to a high in summer of ca 
24 °C. The highest salinity was recorded in autumn (25.6), while the lowest was in 
spring (16.7), after winter rains. Note that the winter of 2007 was the first year since 
records started in  1955  where the bar at  the mouth of the inlet  was not  artificially 
opened and it remained closed for the year, preventing the exchange between estuarine 
and marine waters. The concentration of dissolved oxygen was highest in summer (ca 
12 mg/l) and stayed around 9 mg/l for the remainder of the year. 
5.4.2  Stable isotopic composition of prey and primary producers 
The δ
15N and δ
13C values of potential prey (consumers: 28 species) ranged from 
3.9 (Leitoscoloplos normalis, winter) to 13.9 ‰ (fishlarvae, winter) for δ
15N and from -
23.9 (Engraulis australis larvae, summer) to -11.7 ‰ (Boccardiella sp., summer) for 
δ
13C. 
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Figure 5.1  δ
15N (a, b) and δ
13C values (c, d) [‰ ± 1 SD]) of primary producers, 
invertebrates and fish species in Wilson Inlet in (a, c) summer/autumn 
and (b, d) winter/spring of 2007. Sample size given in parentheses. 
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The range of values for the primary producers in the system (24 species) was 
from 2.5 sPOM, summer) to 10.3 ‰ (Ulva sp., summer) for δ
15N and from -31.7 (red 
alga Monosporus australis, summer) to -11.0 ‰ (green alga Ulva sp., summer) for δ
13C 
(Fig. 5.1a-d; Table B5.1). The large SD on primary producers was related, at least in 
part,  to  the  fact  that  samples  were  collected  in  two  seasons  and  averaged  (i.e. 
summer/autumn and winter/spring, respectively), while the epiphyte sample consisted 
of  different  species  of  epiphytic  algae  on  R.  megacarpa  blades.  Invertebrate  prey 
samples  were  composite  samples  of  individuals  of  differing  sexes  and  ages,  which 
would also cause a variation in isotopic values. 
The mean δ
15N values averaged for all primary producers were lower in summer 
(4.9 ‰) than winter (6.6 ‰), and averaged 5.7 ‰ for the whole year. Compared to the 
average  baseline  value,  the  food  web  consisted  of  ca  3  trophic  levels,  i.e.  primary 
producers, consumers, fish species (Fig. 5.1a, b). Isopods and marine teleosts occupied a 
similar trophic level to L. wallacei and P. olorum in both seasons (level 3 - 4) (Fig. 5.1a; 
b). The difference in δ
15N values from the baseline to consumers were greater than one 
trophic level (> 4 ‰) in both seasons for all pelagic crustaceans (brachyuran and mysid 
zoëa larvae, mysids), isopods and insects. The sources of carbon differed markedly from 
each other in summer, when the range between the most depleted source (M. australis) 
and the most enriched source (epiphytes) was 18.7 ‰. In winter, the range between the 
most depleted (chlorophytes) and the most enriched (R. megacarpa) carbon source was 
much smaller (11.2 ‰).  
The  δ
13C  values  of  sPOM,  seston,  isopods  and  L.  wallacei  were  similar  in 
summer, while their respective δ
15N values increased in that order and ranged from 2.5 - 
12.7  ‰.  In  winter,  heterokontophytes,  seston,  isopods  and  pelagic  crustaceans 
(brachyuran and mysid  zoëa larvae, mysids) had similar δ
13C values to L. wallacei. 
Ruppia megacarpa had very similar values for both isotopes in summer and winter, i.e. 
ca -13 ‰ for δ
13C and ca 6 ‰ for δ
15N (Fig. 5.1a-d). Only two species of primary 
producers, angiospermae and Monosporus australis, showed very low δ
13C values of 
-28.7 and -31.7 ‰, respectively, suggesting that their food is derived from a terrestrial 
carbon source. Chapter V 
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The base sources of production for P. olorum in summer were sPOM, seston and 
heterokontophytes, which all had similar δ
13C values, and the δ
15N values increased in 
that order (2.5 – 6.4 ‰) (Fig. 5.1a, c). In winter, the δ
13C values of P. olorum (-15.5 ‰) 
were  about  3 ‰  higher  than  in  summer  (-18.2  ‰),  and  primary  producers  and 
consumers  with  similar  δ
13C  values  to  those  of  P.  olorum  were  R.  megacarpa, 
heterokontophytes,  detritus,  harpacticoid  copepods,  annelids,  amphipods,  insects  and 
Palaemonetes sp. (Fig. 5.1d). 
5.4.3  Stable isotopic composition of L. wallacei and P. olorum 
The δ
15N values of L. wallacei and P. olorum ranged from 9.7 to 14.0 ‰ and the 
δ
13C  values  ranged  from  -21.0  to  -15.5 ‰  (Table  5.1).  The  mean  δ
15N  values  of 
L. wallacei were higher in each season than those for P. olorum, while the reverse was 
true for the δ
13C values. The PERMANOVA on the similarity matrix derived from the 
stable isotopic composition of L. wallacei and P. olorum in Wilson Inlet revealed that 
the stable isotope values differed significantly between species and seasons, and that the 
species vs season interaction was significant (Table 5.2). The component of variation for 
species was ca 3 times larger than that for season and the interaction term (Table 5.2).  
 
Table 5.1  Means (± 1 SD) of L. wallacei and P. olorum (a) δ
15N and (b) δ
13C stable isotopic 
composition in Wilson Inlet in each season of 2007. n = 18 in all except 2 cases 
where it was 16 (P. olorum in winter). The range of values is shown in parentheses. 
 
  Mean value (± 1 SD) 
Species  Summer  Autumn  Winter  Spring 
(a) δ
15N (‰)         
L. wallacei  12.7 ± 1.0  12.5 ± 0.6  11.9 ± 1.3  14.0 ± 0.9 
  (10.7 – 14.4)  (11.4 – 13.3)  (9.7 – 14.1)  (12.5 – 15.7) 
P. olorum  11.8 ± 1.0  9.7 ± 1.5  11.1 ± 0.9  12.7 ± 1.3 
  (10.2 – 13.2)  (7.9 – 12.3)  (9.5 – 12.3)  (10.7 – 15.7) 
(b) δ
13C (‰)   
L. wallacei  -19.0 ± 1.5  -20.6 ± 1.6  -18.9 ± 3.2  -20.7 ± 1.6 
  (-21.8 – -15.3)  (-23.8 – -18.2)  (-24.5 – -15.1)  (-23.3 – -17.3) 
P. olorum  -18.2 ± 1.3  -16.0 ± 2.3  -15.5 ± 1.8  -17.5 ± 2.0 
  (-20.2 – -14.9)  (-20.2 – -13.0)  (-19.8 – -13.3)  (-21.0 – -14.4) 
 
Pairwise PERMANOVA tests were run for each species between seasons and 
for each season between species to explore further the differences between species. The 
isotopic composition of L. wallacei differed significantly between seasons apart from 
between  summer  and  winter.  For  P. olorum,  the  isotopic  composition  differed Chapter V 
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significantly  between  seasons  apart  from  between  summer  and  spring  and  between 
autumn and winter (data not shown). In each season, the stable isotopic composition of 
the two species differed significantly (data not shown). 
 
Table 5.2  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  two-way  PERMANOVA  on  the  stable  isotopic 
composition of Leptatherina wallacei and Pseudogobius olorum in Wilson Inlet in 
each season of 2007. df = degrees of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  1  431  79.541  6.566  < 0.001 
Season  3  79.477  13.713  2.125  < 0.001 
Two-way interaction           
Species vs Season  3  40.733  7.028  2.015  < 0.001 
Residual    5.796    5.796   
 
5.4.4  Size-related  changes  in  stable  isotopic  composition  of  L. wallacei  and 
P. olorum 
One-way  PERMANOVAs  revealed  that  stable  isotopic  composition  differed 
significantly between size-classes only for the δ
15N value of L. wallacei (Table 5.3; Fig. 
5.2a). A significant regression line between the isotopic values was found for both δ
15N 
and δ
13C for L. wallacei, but not for P. olorum (Fig. 5.3). 
 
 
 
 
 
 
 
 
Figure 5.2  Stable  isotopic  composition  of  the  different  size-classes  of  Leptatherina 
wallacei () and Pseudogobius olorum () in Wilson Inlet in 2007. Size-class 
number (sample size) given next to each point. 1 = 0-19 mm; 2 = 20-39 mm; 3 
= 40-59 mm; 4 = 60-79 mm (see Chapter III; Table 3.2). 
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Table 5.3  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the one-way PERMANOVAs on the (a) nitrogen and 
(b) carbon stable isotopic composition of different size-classes of Leptatherina 
wallacei and Pseudogobius olorum in Wilson Inlet in each season of 2007. df = 
degrees of freedom; n.s. = not significant. 
 
Species  Source of 
variation  df  MS  Pseudo-F  CoV  P 
(a) δ
15N             
L. wallacei  Size-class    2  43.648  9.398  2.112  < 0.001 
  Residual  69  4.648    4.648   
P. olorum  Size-class    2  1.378  0.105  -0.908  n.s. 
  Residual  64  13.112    13.112   
(b) δ
13C             
L. wallacei  Size-class    2  17.681  2.189  0.519  n.s. 
  Residual  69  8.087    8.078   
P. olorum  Size-class    2  11.231  1.088  0.070  n.s. 
  Residual  64  10.325    10.325   
 
Figure 5.3  Regression analyses for the relationships between stable isotope values of δ
15N 
(on left) and δ
13C (on right) and fish length of Leptatherina wallacei (, above) 
and Pseudogobius olorum (, below) in Wilson Inlet in 2007. 
5.4.5  Lipid  content  and  fatty  acid  marker  composition  in  prey  and  primary 
producers 
The lipid content, comprising total fatty acid (tFA), total fatty alcohol (tFAL) and 
unidentified compounds, in primary producers (9 species, 6 seston size-fractions, sPOM 
and detritus) was lower than in the consumers, ranging between < 0.1 % (sPOM in 
winter/spring) to 1.6 % of dry weight (DW) (Polysiphonia sp. in winter/spring) (Tables 
5.5; B5.2 - B5.5). For the invertebrates (20 species), lipid content ranged from 0.6 % 
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(harpacticoid copepods in winter/spring) to 12.2 % DW (fishlarvae in  winter/spring) 
(Tables B5.3; B5.5 - B5.7). 
A total of 38 FAs, with carbon chains ranging from 14 to 24 carbon atoms (C14 – 
C24), were identified and 15 compounds were not identified in this study. The identified 
FAs included saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs) and 
polyunsaturated fatty acids (PUFAs).  
Among the primary producers, the percentage of identifiable lipids ranged from 
close to 100 % in the 20-49 μm seston fraction in summer/autumn to ca 90 % in detritus 
(winter/ spring) (Tables B5.2 – B5.5). For the invertebrates, only ca 80 % of total lipids 
were identified in annelids, bivalves and one of the gastropod species (N. burchardi) 
(Tables B5.3; B5.5 – B5.7). On average, fatty alcohols contributed 0.5 and 1.4 % to the 
total lipid content in invertebrates and primary producers, respectively. The highest fatty 
alcohol  contribution  to  the  total  lipid  content  (10.3 %  DW)  was  found  in  the 
heterokontophyte Cystoseira trinodis in autumn (data not shown). 
Primary  producers  exhibited  varying  fatty  acid  compositions  among  groups. 
Seston samples had lower contributions of SFAs in summer (30.8 – 35.2 % tFA) than in 
winter  (39.2  –  57.1  %  tFA)  (Tables  5.4;  5.5;  B5.2;  B5.4).  While  16:0  contributed 
substantially in summer/autumn (21.1 – 26.6 % tFA), this FA, as well as 18:0, were 
more  abundant  in  winter/spring  (25.9  –  33.7  and  5.4  –  21.2  %  tFA,  respectively). 
Among the MUFAs, 16:1(n-7) contributed substantially in both seasons, especially in 
the  75-249  μm  size-fraction  (10.1  %  tFA  in  summer/autumn  and  22.3  %  tFA  in 
winter/spring), while 18:1(n-9) was more abundant in summer/autumn (5.6 – 19.3 % 
tFA) than in winter/spring (4.7 – 7.3 % tFA), where it contributed most to the 5-19 μm 
size-fraction. The PUFAs contributing consistently in both seasons were 18:2(n-6) (2.6 
– 4.8 % tFA), 18:4(n-3) (1.3 – 6.9 % tFA) and 20:5(n-3) (2.7 – 12.3 % tFA). 
In chlorophytes, 16:0 contributed consistently in both seasons (20.8 – 34.4 % tFA) 
(Tables B5.2; B5.4). The contribution of 16:1(n-7) was higher in winter/spring (6.4 – 
11.2 % tFA) than in summer/autumn (2.6 – 4.3 % tFA), while that of 18:1(n-9) was 
between 2.7 – 19.3 % tFA in both seasons. Chapter V 
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The FA 18:4(n-3) was more abundant in chlorophytes in summer/autumn (1.9 – 
8.6  %  tFA),  while  the  reverse  was  true  for  20:5(n-3)  (4.7  –  10.6  %  tFA  in 
summer/autumn and 4.8 – 34.6 % tFA in winter/spring). In both seasons, rhodophytes 
had high contributions of 16:0 (24.4 – 54.8 % tFA), and substantial contributions of 
16:1(n-7) (4.2 – 20.3 % tFA), 18:1(n-9) (4.4 – 7.4 % tFA) and 18:2(n-6) (1.9 – 4.3 % 
tFA). The FA 20:5(n-3) contributed moderate to high amounts (3.5 – 41.6 % tFA) in 
both seasons. 
In heterokontophytes, the SFAs were dominated by 16:0, as in all other primary 
producers. Among the MUFAs, the FA 18:1(n-9), which has been used as a brown algae 
marker  fatty  acid  (Jamieson  &  Reid  1972;  Johns  et  al.  1979),  showed  consistently 
higher contributions than in any other primary producer (between 13.7 - 16.6 % tFA). 
The PUFAs 18:4(n-3) (2.7 – 16.3 % tFA), 20:4(n-6) (7.5 – 16.7 % tFA) and 20:5(n-3) 
(5.2 – 11.5 % tFA) contributed consistently in both seasons (Tables B5.3; B5.5). 
Living  seagrass  blades  of  Ruppia  megacarpa  had  a  distinct  fatty  acid 
composition,  dominated  by  PUFAs  in  summer  and  winter  (52.6  and  63.2 %  tFA, 
respectively;  Tables  5.4;  B5.3;  B5.5),  while  decaying  R.  megacarpa  (i.e.  Ruppia 
detritus,  winter/spring)  contained  only  half  the  amount  of  PUFAs  than  its  live 
counterpart. Decaying Ruppia had higher contributions from the MUFAs compared to 
the live plant (30.0 vs 5.4 % tFA; Table B5.5). The high contribution of PUFAs in live 
R. megacarpa were mainly due to the contributions of 18:2(n-6) (15.4 – 27.1 % tFA) 
and 18:3(n-3) (25.1 – 31.1 % tFA), which can be high in seagrasses (Nichols et al. 
1982; Khotimchenko 1993; Kharlamenko et al. 2001). 
Sedimentary  particulate  organic  material  (sPOM)  and  detritus  contained  less 
PUFAs in summer than winter. In sPOM in both seasons, 16:0 was the most abundant 
SFA (ca 26 % tFA) and 16:1(n-7) the most abundant MUFA (14.6  – 20.3 % tFA) 
(Tables B5.2; B5.4). The FAs 18:1(n-7) and 18:1(n-9) contributed similar amounts in 
both seasons (5.2 – 9.4 % tFA). The only PUFAs contributing at least ca 5 % tFA were 
18:2(n-6) and 20:5(n-3) in winter/spring. The detritus samples were very heterogeneous, 
but had substantial contributions of 16:0 (9.9 – 34.3 % tFA), 18:1(n-9) (4.1 – 12.5 % 
tFA) and 18:2(n-6) (8.1 – 15.5 % tFA).  
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Table 5.4  Lipid content ( 1 SD, % DW) and mean percentage contribution of fatty acids ( 1 SD,  1 % tFA) to the total fatty acid composition of Acanthopagrus butcheri, Leptatherina 
wallacei, Pseudogobius olorum and abundant primary producer and consumer groups. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated 
fatty acids; DW = dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for summer and autumn of 2007. 
 
  Fish species    Primary Producers    Consumers 
Species / 
Sample size  L. wallacei  P. olorum  A. butcheri     Seston  Algae  Seagrass  sPOM    Annelida  Mollusca  Decapoda 
Fatty acid  20  16  12    18  13  4  3    9  7  3 
14:0  2.4 ± 1.3  1.1 ± 0.7  1.7 ± 0.5    5.0 ± 2.8  7.3 ± 3.5  2.8 ± 2.6  7.9 ± 2.2    0.4 ± 0.7  1.9 ± 2.3  3.5 ± 0.9 
15:0  –  0.6 ± 0.7  0.2 ± 0.5    0.1 ± 0.2  0.2 ± 0.5  –  4.2 ± 0.4    0.3 ± 0.6  0.4 ± 0.8  – 
16:0  24.3 ± 1.4   19.5 ± 1.6   25.1 ± 1.3    22.6 ± 3.3  31.0 ± 9.5  20.6 ± 4.6  26.4 ± 1.6     16.1 ± 4.0  20.0 ± 6.4  20.7 ± 1.1 
17:0  0.8 ± 0.7  1.7 ± 0.3  0.1 ± 0.4    –  –  –  1.5 ± 0.3    2.6 ± 0.9  1.2 ± 1.1  0.4 ± 0.6 
18:0  8.9 ± 1.0   11.8 ± 1.2  7.2 ± 2.4    5.5 ± 2.3  0.9 ± 0.9  3.1 ± 0.8  3.0 ± 0.5    7.6 ± 1.6  6.8 ± 4.6  8.7 ± 0.2 
20:0  –  –  –    –  –  0.8 ± 0.9  0.3 ± 0.6    –  –  – 
SFA   36.4 ± 2.3   34.7 ± 1.8  34.3 ± 1.9    33.1 ± 3.7  39.4 ± 9.0  27.2 ± 7.4  43.3 ± 2.8    27.0 ± 2.3  30.3 ± 4.6  33.2 ± 1.7 
14:1(n-5)  –  –  –      0.2 ± 0.7  –  2.6 ± 1.1    –  –  – 
16:1(n-5)  0.7 ± 0.7  0.1 ± 0.3  –    5.9 ± 4.4  4.9 ± 5.4  2.0 ± 3.9  1.9 ± 0.6    0.8 ± 1.1  1.3 ± 1.8  1.8 ± 1.7 
16:1(n-7)  3.5 ± 1.3  2.8 ± 0.9  5.0 ± 1.2    5.4 ± 3.4  8.8 ± 5.1  4.4 ± 5.3  20.3 ± 2.1    1.5 ± 0.8  3.4 ± 2.7  5.8 ± 0.8 
17:1  –  –  –    –  –  2.3 ± 3.4  –    –  –  – 
18:1(n-5)  –  –  0.5 ± 1.9    –  –  –  –    0.1 ± 0.4  0.1 ± 0.4  2.2 ± 0.7 
18:1(n-7)  3.4 ± 0.9  3.9 ± 1.0  2.8 ± 1.0    6.5 ± 2.2  3.2 ± 3.0  2.2 ± 1.1  9.4 ± 2.2    5.8 ± 1.9  3.0 ± 1.9  8.3 ± 0.4 
18:1(n-9)  7.7 ± 1.4  7.5 ± 1.2   10.6 ± 2.7     11.3 ± 8.6  8.8 ± 5.3  4.2 ± 0.5  5.2 ± 0.3    2.0 ± 0.3  6.0 ± 4.8  9.5 ± 1.1 
20:1(n-7)  0.1 ± 0.3  0.1 ± 0.3  –    –  –  –  –    –  1.1 ± 1.4  – 
20:1(n-11)  0.1 ± 0.3  0.1 ± 0.3  0.3 ± 0.5    0.1 ± 0.4  –  0.3 ± 0.6  0.4 ± 0.7    1.8 ± 0.3  2.1 ± 2.3  – 
22:1(n-9)  –  –  –    2.5 ± 2.5  –  –  –    –  –  – 
24:1(n-11)  0.1 ± 0.4  –  –    0.1 ± 0.3  –  –  –    –  –  – 
24:1(n-13)  –  –  0.4 ± 0.6    0.7 ± 2.2  –  –  –    –  –  – 
MUFA  15.4 ± 3.0   14.5 ± 1.7   19.6 ± 2.7     33.8 ± 8.2  25.9 ± 7.1  15.4 ± 9.4  39.8 ± 4.2    12.1 ± 3.4  17.4 ± 6.4  27.7 ± 1.0 
18:2(n-6)  1.4 ± 1.4  0.8 ± 0.7  0.7 ± 0.7    3.4 ± 0.8  3.9 ± 2.6  15.4 ± 8.2  2.8 ± 0.7    1.7 ± 0.6  2.1 ± 1.0  2.7 ± 0.4 
20:2(n-6)  –  –  0.4 ± 1.2    0.4 ± 0.8  0.1 ± 0.4  0.7 ± 1.4      1.6 ± 0.7  0.9 ± 1.1  – 
16:3(n-4)  –  0.3 ± 0.5  –    –      2.7 ± 0.2    0.2 ± 0.6  –  – 
18:3(n-3)  1.1 ± 1.5  0.4 ± 0.7  –    1.3 ± 1.1  3.9 ± 4.0  25.1 ± 18.4  1.8 ± 0.7    0.4 ± 0.6  2.0 ± 2.2  0.8 ± 0.7 
18:3(n-6)  –  –  –    1.4 ± 0.7  0.9 ± 0.9  0.4 ± 0.7      –  0.1 ± 0.4  – 
20:3(n-6)  –  –  –      0.5 ± 0.8        –  0.4 ± 0.9  – 
18:4(n-3)  1.5 ± 2.2  0.4 ± 1.1      4.6 ± 1.7  5.2 ± 4.8  1.5 ± 1.8  0.9 ± 0.8    0.1 ± 0.3  3.8 ± 5.1  1.5 ± 0.7 
20:4(n-6)  3.2 ± 1.4  8.0 ± 1.4  7.6 ± 1.6    1.5 ± 1.1  5.0 ± 5.3  0.5 ± 1.0  2.3 ± 1.6    2.7 ± 0.9  10.1 ± 4.3  5.4 ± 0.4 
18:5(n-3)/ 
20:1(n-9)  –  –  0.2 ± 0.5    3.9 ± 5.2  –  –  0.5 ± 1.0    1.5 ± 0.6  1.3 ± 1.1  – 
20:5(n-3)  7.2 ± 1.2   13.2 ± 2.2  5.9 ± 2.7    7.4 ± 4.8  10.2 ± 10.2  3.1 ± 4.3  3.2 ± 3.1    25.7 ± 5.2  8.5 ± 4.0  19.1 ± 0.5 
22:5(n-3)  4.8 ± 1.2  5.9 ± 1.3  6.1 ± 0.8    0.6 ± 0.9  0.3 ± 0.7  2.9 ± 2.1  1.0 ± 0.9    7.3 ± 1.5  3.8 ± 4.1  0.5 ± 0.8 
22:6(n-3)   27.1 ± 4.2   16.1 ± 4.2   19.9 ± 3.0    4.5 ± 4.3  0.5 ± 1.0  2.7 ± 2.3  0.6 ± 1.0    –  6.4 ± 4.9  8.7 ± 0.4 
PUFA   46.7 ± 2.9   45.5 ± 2.3   40.8 ± 3.7     29.8 ± 8.4  31.4 ± 10.8  52.6 ± 14.2  16.2 ± 6.0    41.9 ± 7.2  39.9 ± 5.0  38.7 ± 0.8 
Unid. total  1.5 ± 1.3  5.4 ± 1.4  5.2 ± 1.9    3.4 ± 2.8  3.4 ± 3.0  4.8 ± 3.3  0.7 ± 0.6    19.1 ± 4.7  12.4 ± 7.4  0.4 ± 0.7 
LC [% DW]  4.6 ± 3.0  2.1 ± 0.7  2.2 ± 0.5    n.a.  0.6 ± 0.3  0.5 ± 0.1  0.4 ± 0.3    3.9 ± 0.9  3.1 ± 1.2  3.2 ± 1.0 
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Table 5.5  Lipid content ( 1 SD, % DW) and mean percentage contribution of fatty acids ( 1 SD,  1 % tFA) to the total fatty acid composition of Acanthopagrus butcheri, Leptatherina 
wallacei, Pseudogobius olorum and abundant primary producer and consumer groups. SFA = saturated fatty acids; MUFA = mono-unsaturated fatty acids; PUFA = poly-unsaturated 
fatty acids; DW = dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for winter and spring of 2007. 
 
  Fish Species    Primary Producers    Consumers 
Species / 
Sample size  L. wallacei  P. olorum  A. butcheri    Seston  Algae  Seagrass  sPOM    Annelida  Mollusca  Cal.harp. 
Copepoda  Amphipoda  Decapoda 
Fatty acid  25  24  23    18  10  6  6    13  8  5  3  5 
14:0  1.5 ± 0.8  1.0 ± 1.1  2.3 ± 1.4     2.4 ± 1.0  4.8 ± 1.3  1.3 ± 1.5  3.0 ± 2.0    1.3 ± 1.8  2.3 ± 2.3  1.8 ± 1.7  2.5 ± 2.7  4.9 ± 3.5 
15:0  0.1 ± 0.4  0.1 ± 0.3  < 0.1 ± 0.2    1.0 ± 0.8  –  –  0.8 ± 0.9    0.7 ± 0.7    0.6 ± 1.0  –  0.4 ± 0.6 
16:0  22.9 ± 2.0  29.9 ± 2.0  25.0 ± 2.9    29.0 ± 4.8   26.0 ± 5.1  23.8 ± 5.0  25.0 ± 3.5     14.8 ± 5.5   19.6 ± 4.4   26.8 ± 9.5   22.5 ± 5.1   20.3 ± 0.7  
17:0  0.7 ± 0.7  1.1 ± 0.4  0.2 ± 0.5    0.3 ± 0.5  –  –  2.1 ± 5.1    2.4 ± 1.1  0.4 ± 0.6  0.7 ± 0.8  0.4 ± 0.7  0.7 ± 0.6 
18:0  7.9 ± 0.6  10.3 ± 1.3  7.7 ± 1.3    11.8 ± 5.5  1.3 ± 0.8   3.2 ± 1.3  5.8 ± 2.6    6.4 ± 1.7  5.1 ± 3.5  7.7 ± 1.3  4.5 ± 2.6  5.9 ± 1.0 
20:0  –  –  –    0.4 ± 0.6   –  1.7 ± 1.4  –      –  –   –   –  –  
SFA  33.1 ± 2.1  32.7 ± 1.8  35.3 ± 3.3    45.0 ± 9.0  32.1 ± 4.6  30.1 ± 5.6  36.6 ± 2.7    25.6 ± 4.9  27.3 ± 2.4  37.6 ± 12.0  29.9 ± 4.5  32.2 ± 2.4 
14:1(n-5)  –  –  –    1.1 ± 0.8  –  0.4 ± 0.9  0.7 ± 1.1    0.2 ± 0.7  0.2 ± 0.6  –  –  – 
16:1(n-5)  0.1 ± 0.5  0.3 ± 0.7  0.2 ± 0.5    0.2 ± 0.5  1.1± 1.8  0.3 ± 0.8  0.2 ± 0.4    0.3 ± 0.7   1.2 ± 1.7   –   –   – 
16:1(n-7)   3.8 ± 1.5  3.9 ± 1.3  3.5 ± 0.8    14.7 ± 6.5  10.6 ± 5.2  8.3 ± 13.1  14.6 ± 4.8     4.6 ± 4.0  5.6 ± 2.2  7.1 ± 2.5  13.6 ± 7.4  12.9 ± 2.9 
17:1  –  –  –    –  –  0.6 ± 0.9  –     –   –  –    –   – 
18:1(n-5)  –  0.1 ± 0.3  < 0.1 ± 0.2    –  –  –  –    –  –  –  –  – 
18:1(n-7)  4.2 ± 1.8  5.0 ± 1.5  4.0 ± 1.2    7.3 ± 2.3  3.0 ± 2.2  2.8 ± 2.3  6.0 ± 3.6    8.6 ± 3.5  2.6 ± 1.2  3.4 ± 2.0  6.0 ± 0.6  8.8 ± 0.9 
18:1(n-9)  6.7 ± 1.5  6.7 ± 1.3  12.5 ± 5.6    5.9 ± 1.3  10.2 ± 4.6  4.8 ± 1.6  8.4 ± 4.6     2.1 ± 0.7  7.8 ± 5.5   5.5 ± 1.2   13.1 ± 4.8   10.7 ± 1.3  
20:1(n-7)  0.1 ± 0.3  < 0.1 ± 0.2  0.2 ± 0.5    –  –  –  1.5 ± 3.6    0.6 ± 1.1  1.0 ± 1.2  –  0.4 ± 0.7  – 
20:1(n-11)  0.1 ± 0.4  0.4 ± 0.8  0.2 ± 0.4    0.2 ± 0.6  –  –      2.4 ± 1.9  2.6 ± 2.3  –  –  – 
22:1(n-9)  –  –  –    0.1 ± 0.3  –  –  0.2 ± 0.5      –  –  –  –  – 
24:1(n-11)  0.6 ± 1.5  0.2 ± 0.6  0.3 ± 0.7    –  0.1 ± 0.4   0.2 ± 0.5  0.2 ± 0.4    –  0.1 ± 0.4  1.1 ± 2.7  –  – 
24:1(n-13)  –  –  –    0.1 ± 0.3  0.1 ± 0.4   –  –    –  –  2.7 ± 2.2  –  – 
MUFA  15.6 ± 4.2  16.9 ± 3.3  24.4 ± 9.2    29.3 ± 9.8  25.8 ± 4.6  17.7 ± 15.6  32.0 ± 7.5     18.8 ± 7.9   21.5 ± 7.3   20.2 ± 4.7   33.1 ± 11.5     32.4 ± 2.8  
18:2(n-6)  1.0 ± 0.6  0.6 ± 0.7  1.0 ± 0.7    3.7 ± 1.1  3.9 ± 2.3  16.7 ± 11.9  4.8 ± 3.1    1.7 ± 0.8  2.6 ± 1.1  2.8 ± 2.7  3.7 ± 2.3  3.1 ± 0.7 
20:2(n-6)  –  0.1 ± 0.3  –    0.9 ± 1.7  –  0.2 ± 0.6  1.0 ± 1.5     0.9 ± 0.9   1.1 ± 1.2  –  –    – 
16:3(n-4)  –  0.1 ± 0.3  0.1 ± 0.3    0.5 ± 1.0  0.1 ± 0.3    –    0.1 ± 0.4  0.2 ± 0.5  –  0.3 ± 0.6  0.2 ± 0.5 
18:3(n-3)  0.8 ± 0.7  0.2 ± 0.4  0.1 ± 0.3    2.5 ± 1.2  4.3 ± 3.3  19.9 ± 13.6  1.6 ± 1.3    0.6 ± 1.0  2.6 ± 1.7  1.9 ± 1.8  1.8 ± 2.1  1.9 ± 1.6 
18:3(n-6)  –  –  –    0.2 ± 1.0  –  –  0.5 ± 0.7     –   –  0.5 ± 1.1   0.4 ± 0.6   0.2 ± 0.4  
20:3(n-6)  –  –  –    –  0.3 ± 0.8  –  1.1 ± 1.8    0.3 ± 0.6  0.3 ± 0.7  1.1 ± 1.9  –  – 
18:4(n-3)  0.8 ± 0.9  0.5 ± 1.1  0.1 ± 0.3    2.7 ± 2.5  5.1 ± 5.6  0.4 ± 0.9  2.7 ± 3.6    0.2 ± 0.5  4.3 ± 5.4  3.2 ± 5.0  1.0 ± 0.9  0.9 ± 0.6 
20:4(n-6)  2.6 ± 1.0  6.2 ± 2.0  5.5 ± 1.9    1.1 ± 0.8  5.1 ± 4.8  0.3 ± 0.7  1.7 ± 1.1    2.7 ± 1.5  9.1 ± 2.6  0.8 ± 1.2  4.6 ± 1.9  3.5 ± 0.6 
18:5(n-3)/ 
20:1(n-9)  –  –  0.1 ± 0.3    0.2 ± 0.6  –  –  0.6 ± 1.6    1.5 ± 1.7  1.0 ± 1.3  –  0.4 ± 0.7  – 
20:5(n-3)  7.3  ± 1.1  12.9 ± 2.5  7.8 ± 2.4    4.2 ± 1.3  16.6 ± 12.4  2.9 ± 2.4  5.5 ± 4.4    22.8 ± 6.5  12.3 ± 3.4  7.5 ± 5.3  16.3 ± 8.7  17.1 ± 2.5 
22:5(n-3)  4.8 ± 0.8  5.1 ± 1.3  5.9 ± 1.5    3.3 ± 2.7  1.0 ± 1.1  4.2 ± 1.2  1.7 ± 2.5    5.0 ± 2.2  3.1 ± 2.8  2.3 ± 2.7  0.9 ± 0.8  1.0 ± 0.6 
22:6(n-3)  32.6 ± 7.7  20.7 ± 5.4  15.6 ± 7.1    1.4 ± 1.6  0.2 ± 0.5  0.3 ± 0.7  3.6 ± 4.8     0.4 ± 0.8   4.3 ± 4.9   9.2 ± 7.6  5.9 ± 4.5   7.3 ± 1.7  
PUFA  50.1 ± 6.4  46.7 ± 3.1  36.4 ± 10.0    21.6 ± 7.4  37.5 ± 7.3  45.6 ± 20.1  26.0 ± 9.8    37.2 ± 8.4  41.7 ± 2.9  29.9 ± 11.5  35.3 ± 13.3  35.4 ± 4.3 
Unid. total  1.1 ± 1.9  3.7 ± 1.3  3.9 ± 2.4    3.5 ± 3.5  4.4 ± 3.4  10.2±10.7  5.4 ± 6.2    18.4 ± 4.1  9.5 ± 6.7  10.3 ± 6.2  1.7 ± 2.9  – 
LC [% DW]  3.7 ± 0.7  2.7 ± 0.9  3.4 ± 1.9    n.a.  0.9 ± 0.7  0.7 ± 0.2  < 0.1±< 0.1     3.6 ± 2.4  3.6 ± 0.3  2.7 ± 2.4   5.1 ± 2.5  5.9 ± 0.8 
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The fatty acid composition of annelids was dominated by PUFAs, due to the high 
contributions of 20:5(n-3) (9.2 – 30.0 % tFA in both seasons), while 18:2(n-6) and 
20:4(n-6) made lesser, but consistent, contributions (1.0 – 2.8 % tFA and 1.3 – 4.6 % 
tFA, respectively). Among the SFAs, 16:0 was the most abundant FA (8.2 – 28.3 % 
tFA). The most abundant MUFA was 18:1(n-7) (5.8 – 11.4 % tFA), while 18:1(n-9) and 
20:1(n-11) contributed small but consistent amounts (1.6 – 3.2 % tFA and 1.3 – 3.8 % 
tFA, respectively). The fact that L. normalis had a higher content of MUFAs than the 
other annelids was due to the higher contribution of 16:1(n-7) (Tables B5.6; B5.7). 
Molluscs (both gastropods and bivalves) displayed a similar pattern of fatty acid 
composition in summer and winter, with PUFAs dominating the fatty acid composition 
(35.8 to 44.8 % tFA in the bivalves S. biradiata and M. edulis, respectively; Tables 
B5.6; B5.7). This was due to consistent contributions of 20:4(n-6) (4.6 – 14.8 % tFA), 
20:5(n-3) (7.1 - 18.7 % tFA) and 22:6(n-3) (2.7 – 14.9 % tFA) throughout the year. 
High contributions were also made by the SFAs 16:0 (11.8 - 24.3 % tFA) and 18:0 (3.9 
– 11.8 % tFA), while MUFAs contributed low but consistently, especially 18:1(n-7) 
(1.3 – 5.3 % tFA), 18:1(n-9) (1.5 – 6.6 % tFA) and 20:1(n-11) (1.9 – 7.4 % tFA). 
The contribution of the different groups of fatty acids in the crustaceans did not 
show a consistent pattern. While SFAs contributed the most to the total FA composition 
of mysis zoea and calanoid copepods (37.8 % tFA in summer/autumn and 40.8 % tFA 
in winter/spring, respectively), the Ischyrocerid amphipod was dominated by MUFAs 
(44.4 % tFA in winter/spring) and all other crustaceans by PUFAs (ranging from 34.8 – 
50.7 % tFA in harpacticoids in winter/spring and Melitid amphipods in summer/autumn, 
respectively) (Tables B5.6; B5.7). Consistent contributions were found by the SFA 16:0 
(10.0 – 29.0 % tFA), the MUFAs 18:1(n-7) (2.6 – 8.3 % tFA) and 18:1(n-9) (3.8 – 18.7 
% tFA) and the PUFAs 20:4(n-6) (0.5 – 11.5 % tFA), 20:5(n-3) (6.5 – 23.3 % tFA) and 
22:6(n-3) (1.3 – 21.3 % tFA). The MUFA 16:1(n-7) contributed less in summer/autumn 
(2.0 – 6.1 % tFA) than in winter/spring (2.9 – 17.8 % tFA).  
The  fatty  acid  composition  of  insects  was  similar  in  summer/autumn  and 
winter/spring, dominated by MUFAs (47.2 - 50.2 % tFA), due to high contributions of 
16:0. Among the MUFAs, 16:1(n-7) (30.4 – 37.1 % tFA) and 18:1(n-9) (10.4 – 14.6 % Chapter V 
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tFA) contributed consistently throughout the year, and 20:5(n-3) was the most abundant 
PUFA in insects (10.9 – 12.8 % tFA) (Tables B5.3, B5.5).  
Fishlarvae were dominated by PUFAs in both seasons (43.8 to 45.1 % tFA), due 
to the high contribution of 22:6(n-3) (27.2 – 30.2 % tFA) (Tables B5.3, B5.5). Other 
abundant FAs were the SFAs 16:0 (20.6 – 25.8 % tFA) and 18:0 (11.5 – 12.6 % tFA). 
PERMANOVA on the similarity matrix derived from the fatty acid composition 
of  the  different  prey  categories  revealed  significant  differences  among  groups  (P  = 
0.001; Table 5.6; Fig. 5.4). The highest DHA:EPA ratio was found in fishlarvae in both 
summer and winter (> 8), while all other prey had values of < 2 (Fig. 5.4a, b).  In 
general, pelagic prey (fishlarvae, mysids, seston, calanoid & cyclopoid copepods) had 
DHA:EPA  ratios  higher  than  benthic  prey  (molluscs,  amphipods,  decapods), 
particularly in winter. 
 
Table 5.6  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the two-way PERMANOVA on the DHA:EPA ratio of 
pelagic flora, pelagic fauna, benthic flora and benthic fauna in Wilson Inlet in 
summer/autumn and winter/spring of 2007. df = degrees of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effect           
Prey category  3  3.478  15.653  0.156   0.001 
Season  1  0.220  0.990  -0.00006   0.318 
Two-way Interaction           
Prey category vs Season  3  0.177  0.796  -0.004   0.496 
Residual  91  0.222    0.222   
 
Non-metric multidimensional scaling ordination of the fatty acid compositions 
of fish species and their potential prey in summer separated all samples for primary 
producers (on the left side of the plot) from those of invertebrate and fish consumers 
(middle and right side of the plot), with the exception of terrestrial insects, which were 
placed close to the SPOM sample on the left (Fig. 5.5a). The point for L. wallacei lay 
close to those for mysids, amphipods and Palaemonetes sp., which, in turn, were located 
equally  far  away  from  all  seston  size-fractions,  red  and  green  algae  (on  left)  and 
bivalves and gastropods (on right). The point for P. olorum was located towards the 
right side of the plot, closest to that for fishlarvae, then isopods (Fig. 5.5a). Chapter V 
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Figure 5.4  The DHA:EPA ratio (± 1 SD) in prey and primary producers in Wilson Inlet in 
(a) summer/autumn and (b) winter/spring of 2007. 
 
In winter, all samples were less dispersed than in summer, due to the sample for 
R. megacarpa lying on the far left of the ordination (Fig. 5.5a, b). In winter, the samples 
for all primary producers (as well as insects) lay on the left side of the ordination plot, 
the points for bivalves, gastropods and annelids on the top right side, and those for the 
two  fish  species  and  crustaceans  in  the  middle,  above  those  for  fishlarvae  and 
harpacticoids (Fig. 5.5a, b). Even though the points for L. wallacei and P. olorum lay 
close  together,  that  for  L. wallacei  was  closer  to  those  for  pelagic  prey  (calanoids, 
mysids,  seston),  while  the  point  for  P.  olorum  lay  closer  to  those  for  benthic  prey 
(harpacticoids, annelids and molluscs) (Fig. 5.5a, b). 
5.4.6  Lipid content and fatty acid composition of L. wallacei and P. olorum 
In fish, the overall lipid content in muscle tissue ranged between 1.8 (P. olorum in 
summer) and 6.6 % DW (L. wallacei in autumn) (Table B5.8; Figure 5.6). A total of 30 
FAs, ranging from C14 to C24, were identified in fish species and 10 compounds stayed 
unidentified. These included saturated fatty acids (SFAs), monounsaturated fatty acids 
(MUFAs)  and  polyunsaturated  fatty  acids  (PUFAs).  In  general,  > 95  %  tFA  were 
identified for the two fish species (Tables 5.4; 5.5; B5.8). 
The contribution of SFAs, MUFAs and PUFAs to the total fatty acid composition 
of the two fish species was similar between species and also within species between 
seasons. 
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5  nMDS ordination of all fatty acid samples collected for Leptatherina wallacei 
() and Pseudogobius olorum () and their prey, in (a) summer/autumn and 
(b) winter/spring of 2007. Sample size given in parentheses (summer/autumn / 
winter/spring). 
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Figure 5.6  Lipid content (LC) in muscle tissue (± 1 SD; % DW) of Leptatherina wallacei and 
Pseudogobius olorum in Wilson Inlet in each season of 2007. Sample size given 
above each column. 
 
PUFAs  dominated  the  fatty  acid  composition  of  each  species,  contributing 
between  44.9  and  52.9  %  tFA  (P. olorum  in  summer  and  L.  wallacei  in  spring, 
respectively, Tables 5.4; 5.5; B5.8). The differences observed lay in the contribution of 
specific FAs, for example 16:0 was more abundant in L. wallacei than in P. olorum (i.e. 
22.4 – 24.4 % tFA vs 19.2 – 20.6 % tFA, respectively), and the same was true for 
22:6(n-3)  (24.1  –  37.1  %  tFA  vs  14.9  –  20.2 %  tFA).  The  FAs  more  abundant  in 
P. olorum  than  in  L.  wallacei  were  18:0  (9.9  –  12.2  %  tFA  vs  7.8  –  9.0  %  tFA), 
20:4(n-6) (6.1 – 8.2 % tFA vs 1.9 – 4.1 % tFA) and 20:5(n-3) (12.0 – 13.8 % tFA vs 6.7 
– 7.9 % tFA) (Tables 5.4; 5.5; B5.8). Fatty alcohols always contributed < 2 % to the 
total lipid content in fish species. 
PERMANOVA  revealed  that  species  exhibited  the  largest  component  of 
variation, which was ca 7 times larger than that for season and ca 10 times larger than 
the interaction term (Table 5.7).  
 
Table 5.7  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (COV)  and 
significance  levels  (P)  for  the  two-way  PERMANOVA  on  the  fatty  acid 
composition of Leptatherina wallacei and Pseudogobius olorum in Wilson Inlet in 
each season of 2007. df = degrees of freedom.  
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  1  2626.7  75.95  70.452  < 0.001 
Season  3  244.41  7.067  10.321  < 0.001 
Two-way interaction           
Species vs Season  3  107.02  3.094  7.126  < 0.01 
Residual  77  34.584    34.584   
0
2
4
6
8
10
12
Summer Autumn Winter Spring
L
C
 
(
%
 
D
W
)
Season of 2007
L. wallacei P. olorum
11
8
4
12
12
12 13
13Chapter V 
149 
ANOSIM supported these results by showing that species (R = 0.763; P = 0.001) 
was much more influential that season (R = 0.325; P = 0.001) in structuring the data. 
Pairwise PERMANOVA tests to explore seasonal differences for each species 
showed  significant  differences  between  seasons  for  all  six  possible  pairwise 
comparisons for both L. wallacei and P. olorum. 
 
Figure 5.7  Relative fatty acid composition (mean ± 1 SD) of Leptatherina wallacei (n = 45) 
and Pseudogobius olorum (n = 40), depicting the nine most abundant fatty acids, 
in Wilson Inlet in (a) summer/autumn and (b) winter/spring of 2007. 
 
Overall, the FA composition in both species of teleost were dominated by two 
typical membrane fatty acids 16:0 and 22:6(n-3), and showed substantial contributions 
of 20:5(n-3) and 18:1(n-9) (Fig. 5.7), but the contributions of these fatty acids varied 
considerably among species. In both seasons, EPA (eicosapentaenoic acid; 20:5(n-3)) 
tended to increase from pelagic (L. wallacei) to benthic (P. olorum) feeding fish, while 
the opposite tended to be true for DHA (docosahexaenoic acid; 22:6(n-3)). The ratio of 
these  two  fatty  acids  showed  a  clear  trend,  and  PERMANOVA  revealed  that  it 
significantly decreased from pelagic to benthic feeding fish in both season combinations 
(i.e. summer/autumn, winter/spring) (Fig. 5.8; Table 5.8). While the DHA:EPA ratio 
was 4.0 and 4.6 in L. wallacei, it decreased to 1.3 and1.7 in P. olorum in summer and 
winter, respectively. The remaining seven most abundant fatty acids did not display 
such obvious differences or consistent trends. 
On  the  nMDS  ordination  of  the  similarity  matrix  derived  from  the  fatty  acid 
composition  of  Leptatherina  wallacei  and  Pseudogobius  olorum  averaged  for  each 
season,  the samples for  L. wallacei lay on the  left  half of the plot, while those for 
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P. olorum lay on the right (Fig. 5.9). For P. olorum, the point for summer was to the 
upper right of the ordination plot and progressed to the left and downward in autumn, 
and then to the left for winter and spring (Fig. 5.9). 
 
 
 
 
 
 
 
Figure 5.8  The  DHA:EPA  ratio  (mean  ±  1  SD)  of  Leptatherina  wallacei  (n  =  45)  and 
Pseudogobius olorum (n = 40) in Wilson Inlet in (a) summer/autumn and (b) 
winter/spring of 2007. 
 
This  pattern  of  seasonal  change  was  not  evident  for  L. wallacei.  The  highest 
correlations between fatty acids and the fatty acid composition of each species were for 
22:6(n-3), 16:0, 20:5(n-3), 18:0 and 18:1(n-9) with correlations of -0.97, -0.89, 0.92, 
0.96 and 0.78, respectively (Fig. 5.9). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.9  nMDS  ordination  of  the  fatty  acid  samples  of  Leptatherina  wallacei  and 
Pseudogobius olorum collected in Wilson Inlet in 2007, averaged for season. The 
9 fatty acids contributing most to the total fatty acid composition are overlain as 
vectors with length proportional to the magnitude of their correlation. 
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According to the vectors overlaid on the nMDS ordination, the FA DHA showed 
the strongest  correlation with  the samples  for  L. wallacei, while for  P. olorum, the 
correlation was strongest with EPA. 
 
Table 5.8  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance levels (P) for the one-way PERMANOVA on the DHA:EPA ratio of 
Leptatherina  wallacei  and  Pseudogobius  olorum  in  Wilson  Inlet  in 
summer/autumn and winter/spring of 2007. df = degrees of freedom. 
 
Source of Variation  df  MS  Pseudo-F  CoV  P 
Main effects           
Species  1  13507  178.74  325.98  < 0.001 
Season  1  463.22  6.130  9.409  < 0.001 
Two-way interaction           
Species vs Season  1  130.96  1.733  2.689  < 0.001 
Residual  81  75.567    75.567   
5.4.7  Size-related changes in fatty acid composition of L. wallacei and P. olorum 
PERMANOVAs  on  the  resemblance  matrices  constructed  from  the  fatty  acid 
compositions of the different size-classes of each of L. wallacei and P. olorum showed 
that they differed significantly for each species (Table 5.9). 
 
Table 5.9  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  one-way  PERMANOVAs  on  the  fatty  acid 
composition of different size-classes of Leptatherina wallacei and Pseudogobius 
olorum in Wilson Inlet in 2007. df = degrees of freedom. 
 
Species  Source of 
variation  df  MS  Pseudo-F  CoV  P 
L. wallacei  Size-class  2  36.728  1.789    1.404  < 0.01 
  Residual  42  20.532    20.532   
P. olorum  Size-class  1  33.296  1.520  0.678  < 0.01 
  Residual  38  21.899    21.899   
 
When the Bray-Curtis similarity matrix, based on the mean fatty acid composition 
of the different size-classes of the two species of teleost were subjected to non-metric 
multidimensional scaling ordination (nMDS), the samples from successive size-classes 
for L. wallacei lay to the left of the plot, far from those for P. olorum on the right. 
Samples for L. wallacei tended to move upwards with increasing size, while those of the 
larger  P.  olorum  were  below  those  for  the  smallest  size-class  (Fig.  5.10).Chapter V 
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Figure 5.10  nMDS  ordination  of  the  resemblance  matrix  constructed  from  all  fatty  acid 
samples  averaged  for  each  size-class  of  Leptatherina  wallacei  and 
Pseudogobius olorum in Wilson Inlet in 2007. Size-class given next to each 
point. 2 = 20-39 mm; 3 = 40-59 mm; 4 = 60-79 mm. 
5.4.8  δ
15N and δ
13C and fatty acid composition of Acanthopagrus butcheri 
The stable isotopic composition of A. butcheri in Wilson Inlet and its tributary 
rivers ranged from 12.3 to 13.1 ‰ for δ
15N (autumn and winter, respectively), and from 
-21.0 to -20.0 ‰ for δ
13C (summer and spring, respectively) (Table 5.10). ANOSIM 
detected no significant differences between seasons (data not shown). 
 
Table 5.10  Means (± 1 SD) of A. butcheri δ
15N and δ
13C stable isotopic composition in Wilson 
Inlet in each season of 2007. n = 18. The range of values is shown in parentheses. 
 
Isotope/ 
Season  Summer  Autumn  Winter  Spring 
δ
15N (‰)  12.7 ± 0.2  12.3 ± 0.4  13.1 ± 0.2  12.7 ± 0.2 
  (11.6 – 14.0)  (8.9 – 14.0)  (12.2 – 14.2)  (11.7 – 14.2) 
δ
13C (‰)  -21.0 ± 0.6  -20.1 ± 0.6  -20.4 ± 0.5  -20.0 ± 0.4 
  (-25.7 – -18.9)  (-23.5 – -15.1)  (-24.8 – -18.1)  (-23.1 – -17.5) 
 
One-way PERMANOVA on the nitrogen and carbon stable isotopic composition 
of the different size-classes of A. butcheri showed that no significant differences were 
detected in δ
15N or δ
13C values (Table 5.11; Fig. 5.11). Regression analysis showed a 
weak but significant relationship between fish length and stable isotopic composition 
(R
2 < 1.4) (Fig. 5.12). 
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Figure 5.11  Mean δ
13C vs δ
15N values of the different size-classes of A. butcheri in Wilson 
Inlet in 2007. Size-class given next to each point. 6 = 50-99 mm; 7 = 100-149 
mm; 8 = 150-199 mm; 9 = 200-249 mm; 10 = 250-299 mm; 11 = 300-349 mm. 
Sample size denoted in brackets. 
 
 
Figure 5.12  Regression analysis of fish length versus (a) δ
15N and (b) δ
13C stable isotope 
values for Acanthopagrus butcheri in Wilson Inlet in 2007. 
 
 
Table 5.11  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  one-way  PERMANOVA  on  the  nitrogen  and 
carbon stable isotopic composition of different size-classes of Acanthopagrus 
butcheri in Wilson Inlet in 2007. df = degrees of freedom. 
 
Isotope  Source of 
variation  df  MS  Pseudo-F  CoV  P 
δ
15N  Size-class  6  4.559  1.429  0.202  n.s. 
  Residual  50  3.191    3.191   
δ
13C  Size-class  6  10.361  1.788  0.674  n.s. 
  Residual  50  5.796       
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Figure 5.13  Lipid  content  in  muscle  tissue  (±  1  SD;  %  DW)  of  Acanthopagrus 
butcheri  in  Wilson  Inlet  in  summer,  winter  and  spring  of  2007.  No 
sample was available for autumn. Sample size given above columns. 
 
Lipid content in muscle tissue of A. butcheri increased throughout the year and 
ranged from 2.2 % DW in summer to 4.2 % DW in spring (Fig. 5.13; Table B5.9). 
PUFAs  dominated  the  fatty  acid  composition  (33.8  –  40.8  %  tFA),  with  22:6(n-3) 
contributing 13.3 – 19.9 % tFA. The MUFA 18:1(n-9) made contributions of 10.6 – 
13.7 % in all seasons, increasing throughout the year, while the opposite was true for the 
contribution of the PUFA 20:4(n-6) (7.6 – 4.6 % tFA). The most abundant SFA was 
16:0 (24.7 – 25.3 % tFA) (Fig. 5.14; Table B5.9). 
 
 
 
 
 
 
 
 
 
Figure 5.14  Relative fatty acid composition (mean ± 1 SD) of  Acanthopagrus butcheri in 
summer (n = 12), winter (n = 9) and spring (n = 13) in Wilson Inlet in 2007, 
depicting the ten most abundant fatty acids. 
 
PERMANOVA  on  the  similarity  matrix  derived  from  the  FA  composition  of 
A. butcheri revealed significant differences between seasons (Table 5.12).  
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Table 5.12  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  one-way  PERMANOVA  on  the  fatty  acid 
composition of Acanthopagrus butcheri in Wilson Inlet in summer, winter and 
spring of 2007. df = degrees of freedom. 
 
 
 
The DHA:EPA ratio in A. butcheri was 4.2 in summer and decreased to 1.7 in 
spring (Fig. 5.15). PERMANOVA revealed significance for differences in the fatty acid 
composition of the different size-classes of A. butcheri (Table 5.13), for example the 
MUFA 18:1(n-9) increased in  contribution  from  6.6 % tFA in  fish 150-199 mm in 
length to 15.3 % tFA in 300-349 mm fish, then declined again to 11.9 % tFA in fish 
> 350 mm. 
 
 
 
 
 
 
 
Figure 5.15  The DHA:EPA ratio (mean ± 1 SD) of Acanthopagrus butcheri in summer (n = 
12), winter (n = 9) and spring (n = 13) in Wilson Inlet in 2007. 
 
Table 5.13  Mean  squares  (MS),  pseudo-F  ratios,  components  of  variation  (CoV)  and 
significance  levels  (P)  for  the  one-way  PERMANOVA  on  the  fatty  acid 
composition of different size-classes of Acanthopagrus butcheri in Wilson Inlet 
in 2007. df = degrees of freedom. 
 
 
 
 
5.4.9  Dietary compositions of A. butcheri, L. wallacei and P. olorum 
  The contribution of benthic fauna to the diet of each species in each season was 
> 47  %  V  in  all  cases,  except  for  A.  butcheri  in  summer  and  autumn  (Fig.  5.16). 
Although pelagic fauna was present in the diet of A. butcheri (11.9 and 33.6 % V) and 
P. olorum (1.9 and 25.1 % V) in each season apart from summer, it was present in all 
Source of 
variation  df  MS  Pseudo-F  CoV  P 
Season  2  210.57  5.019  14.536  < 0.001 
Residual  32  41.959    41.959   
Source of 
variation  df  MS  Pseudo-F  CoV  P 
Size-class  4  104.61  2.203    9.545  < 0.001 
Residual  29  47.482    47.482   
0
1
2
3
4
5
6
7
D
H
A
:
E
P
A
 
r
a
t
i
o
Summer Winter SpringChapter V 
156 
seasons in the diet of L. wallacei, where it contributed similar or greater volumes to the 
diet compared to the other two species (i.e. between 9.3 and 41.8 % V). Benthic flora 
made greatest contributions to the diet of A. butcheri, contributing between ca 18 and ca 
76 % V, and also contributed substantially to the diet of P. olorum (between ca 9 and ca 
29 % V) (Fig. 5.16). 
 
Figure 5.16  Mean  volumetric  contribution  of  the  major  dietary  groups  (classified  by 
position  in  the  water  column  and  plant  or  animal)  to  the  gut  contents  of 
Acanthopagrus  butcheri,  Leptatherina  wallacei  and  Pseudogobius  olorum  in 
Wilson Inlet in each season of 2007. Sample size given above each column. 
5.5   Discussion 
This study used stable isotopes and fatty acid composition to examine the feeding 
ecology and trophic interactions of three abundant members of the nearshore fish fauna, 
L. wallacei, P. olorum and A. butcheri, in the seasonally-open Wilson Inlet on the south 
coast of Western Australia. This system is characterised by the great abundance of the 
seagrass  Ruppia  megacarpa.  In  addition  to  R. megacarpa,  other  potential  primary 
sources of nutrients for the fish include phytoplankton, sedimentary POM, macroalgae 
and  terrestrial  organic  material.  The  dominant  consumers  in  Wilson  Inlet  are  filter 
feeders  (bivalves),  grazers/scavengers  (gastropods),  benthic  and  pelagic  crustaceans 
(amphipods, shrimp, copepods, mysids) and fish (Hodgkin & Clark 1988). Abundant 
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members of these groups were selected to elucidate the major pathways of energy flow 
though the food chains in Wilson Inlet. 
5.5.1  Trophic levels and sources of carbon 
Baseline values for δ
15N in Wilson Inlet were higher in winter than in summer, 
and the values for Ulva sp. were particularly high. This could be related to the fact that 
in winter, terrestrial run-off and riverflow from the catchment transports extra nutrients 
(nitrogen) into the basin of the inlet. It is noteworthy that large variations in primary 
producer δ
15N values were observed in both seasons, and that the determination of the 
number of trophic levels, as well as that of the lengths of the food chains, contain some 
uncertainty. 
Previous studies have shown that nitrate-enriched wastewater input into estuaries 
causes enriched δ
15N values in estuarine plants (McClelland et al. 1997; McClelland & 
Valiela 1998). The catchment of Wilson Inlet is greatly used for agriculture (mainly 
potato farming) and cattle grazing (Hodgkin & Clark 1988), and nutrient loading from 
cleared catchment areas is relatively high (Lukatelich et al. 1987). Additionally, the 
township of Denmark lacks a closed sewage system, and, as a consequence, untreated 
wastewater  from  septic  tanks  is  able  to  leak  into  the  inlet  waters.  Both  sources  of 
nutrients  for  Wilson  Inlet  could  cause  shifts  in  the  stable  isotopic  composition  of 
primary producers and consumers in the food web depending on them. Compared to the 
situation in the Upper Swan River, baseline values for δ
15N were lower in Wilson Inlet 
in  summer/autumn  (4.9  vs  7.1  ‰),  while  they  were  similar  in  both  systems  in 
winter/spring  (6.6  vs  6.3  ‰).  Potentially,  the  influence  of  nutrient-enriched  water 
entering these estuaries had been greater in summer in the Upper Swan River. 
The δ
15N values of invertebrates  in  Wilson  Inlet  spanned  ca 2 trophic levels, 
which were not distinct. Annelids occupied trophic level 1 - 2 in both  seasons and 
showed a slightly less trophic enrichment than 3.4 ‰ for δ
15N compared to the baseline 
value of primary producers, while fish species in turn were enriched by more than one 
trophic level from annelids. Results from gut content analyses showed that annelids 
were consumed by all fish species (Chapter III), and the > 1 trophic level gap between Chapter V 
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annelids and fish species suggested that fish feed at various trophic levels in the system. 
The great variation in δ
15N values in annelids could be due to a number of reasons. 
Firstly, in general, annelids are omnivorous and have a broad diet (Fauchald & Jumars 
1979;  Cammen  1980;  Fong  1987),  which  would  cause  variability  in  stable  isotope 
values. Secondly, the samples of each species of annelid analysed in this study were 
composite samples of up to ten individuals of different ages and sizes, which were then 
combined into “annelids” containing species with differing feeding modes, and lastly, 
the isotopic values of annelids varied between seasons. The trophic level occupied by 
annelids in  Wilson  Inlet (1 - 2) was  lower than in  the Upper Swan River (2 – 3). 
Amphipods occupied trophic level 1 - 2 in both systems. Isopods occupied the same 
trophic level (3 - 4) as the fish species in Wilson Inlet, while in the Upper Swan River, 
they had δ
15N values close to those for annelids (trophic level 2 – 3). 
In winter, Palaemonetes sp. exhibited an enrichment of one trophic level of ca 
3.4 ‰ for δ
15N and ca 1 ‰ for δ
13C (DeNiro & Epstein 1978; DeNiro & Epstein 1981) 
from  R.  megacarpa,  suggesting  that  this  decapod  utilises  carbon  derived  from  the 
Ruppia plant. It has been shown that R. megacarpa contributed between 92 – 100 % to 
the  diet  of  Palaemonetes  australis,  which  had  been  assimilated  mainly  through  the 
detrital pathway, in Wilson Inlet (Forbes 2004). Although other penaeids have been 
reported to ingest seagrasses directly (Loneragan et al. 1997; Fantle et al. 1999; Dittel et 
al.  2000),  such  as  Penaeus  esculentus,  which  feeds  on  the  nutritious  and  easily 
assimilated seeds of the seagrass at certain times of the year (Wassenberg 1990; O'Brien 
1994), they generally utilise seagrass-derived carbon in the form of detritus, via the 
detrital pathway (Schwamborn & Criales 2000; Schwamborn et al. 2002). The seeds of 
R.  megacarpa,  which  lie  on  the  bottom  of  the  estuary,  until  freshwater  flushing  in 
winter induces germination (Carruthers et al. 1999), would provide a nutritious food 
source to Palaemonetes sp. in that season, when they become available.  
For most invertebrates, the expected one trophic level enrichment in stable isotope 
ratios between them and their potential food sources was not observed, and the trophic 
levels were not discrete. This is related to the fact that estuarine invertebrates are often 
omnivorous and feed at varying trophic levels (Shepherd & Thomas 1982; Shepherd & Chapter V 
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Thomas 1989). The δ
15N values of inverterbate consumers in this study were generally 
2 – 3 ‰ lower than those recorded by Forbes (2004) in the same system, while those of 
primary producers (i.e. R. megacarpa, epiphytes and phytoplankton) were similar in 
both studies. The δ
13C values of invertebrate consumers were generally 3 – 5 ‰ higher 
than those recorded by Forbes (2004), while they were similar in all primary producers. 
This  could  indicate an increase in  utilisation of carbon derived  from  R. megacarpa 
detritus in Wilson Inlet between 2000 and 2007. Forbes (2004) concluded that sediment 
fauna mainy relied on detritus as a carbon source, while seagrass canopy fauna utilised 
mainly algae and phytoplankton.  
Svensson et al. (2007) investigated the estuarine food web of the permanently-
open Walpole-Nornalup Inlet, about 100 km west of Wilson Inlet, using stable isotopes. 
Overall, the δ
15N ratios of primary producers were slightly higher in Wilson Inlet than 
those in Walpole-Nornalup Inlet (Svensson et al. 2007), while invertebrates (annelids, 
molluscs and crustaceans) were enriched in δ
15N by up to 3.4 ‰. This is presumably 
related to the fact that the land surrounding the Walpole-Nornalup Inlet, which receives 
a similar amount of rainfall to that of Wilson Inlet, is mainly conservation area with 
intact  fringing  vegetation,  while  that  of  Wilson  Inlet  is  greatly  cleared  of  native 
vegetation and used for agriculture. The Nornalup-Walpole Inlet therefore receives less 
nutrients from catchment drainage, i.e. it is a less enriched system than Wilson Inlet. 
The δ
13C values of producers and consumers were generally similar or slightly 
more depleted in Wilson Inlet than in Walpole-Nornalup Inlet, which could indicate a 
lesser dependence on seagrass as a carbon source for the consumers in Wilson Inlet. In a 
South African estuary, invertebrates and fish in the littoral zone depended mainly on 
13C-enriched sources such as Spartina maritima, Zostera capensis and epiphytes (δ
13C 
values  ranging  between  -7.8  –  -13.5  ‰),  while  C3  saltmarsh  macrophytes  such  as 
Sarcocornia perennis and Chenolea diffusa or benthic microalgae were less important 
(Paterson  &  Whitfield  1997).  A  study  in  the  Gulf  of  Mexico  found  that  epiphytic 
microalgae  (with  mean  δ
13C  values  of  -17.5  ‰)  were  the  main  source  of  organic 
material for higher order consumers (δ
13C values ranging between -20 – -15 ‰), while 
the contribution of the seagrass Halodule wrightii (with a mean δ
13C value of -12 ‰) Chapter V 
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was  minimal  (Moncreiff  &  Sullivan  2001).  Williams  et  al.  (2009)  investigated  the 
contribution of various primary producers to the carbon assimilated by the heterotrophic 
bacterial community in Florida Bay. Isosource model outputs suggested that 13 – 67 % 
of bacterial δ
13C values were due to the consumption of Thalassia testudinum derived 
organic material. A further study employing the Isosource model concluded that the 
main food for primary consumers in a Chesapeake Bay eelgrass Zostera marina bed 
were  seagrass  derived  detritus  and  epiphytic  microalgae  on  seagrass  blades,  the 
sediment surface and in the water column (Douglass et al. 2011). Overall, a large body 
of literature has shown that the epiphytic algal assemblage on seagrass blades may be 
the primary food source for the resident fauna of seagrass beds (e.g. Fry et al. 1982; Fry 
& Sherr 1984; Kitting et al. 1984). 
In conclusion, the seagrass R. megacarpa is potentially supporting the abundance 
of  Palaemonetes  sp.  through  direct  grazing,  and  also  potentially  contributes  to  the 
nutrients assimilated by meiofauna and benthic macroinvertebrates such as harpacticoid 
copepods, amphipods, annelids, bivalves, gastropods and ultimately, through the detrital 
pathway and through intermediate consumers, to those assimilated by the fish species, 
especially P. olorum. Since seagrasses have a low nitrogen content compared to other 
primary  producers  (Mann  1988),  the  higher  δ
15N  values  in  consumers  compared  to 
R. megacarpa  are  potentially  caused  by  the  microbial  decomposition  processes  of 
fungal and bacterial mats living on the decomposing seagrass blades (Zieman et al. 
1984). 
5.5.2  Trophic niche of Leptatherina wallacei 
Results from biochemical methods revealed significant differences in both stable 
isotope  values  (δ
15N  and  δ
13C)  and  fatty  acid  composition  between  seasons  for 
L. wallacei.  These  differences  were  consistent  with  seasonal  changes  in  dietary 
composition of this species, caused by an increase in the consumption by L. wallacei of 
benthic fauna (e.g. polychaetes, molluscs) from summer to winter (from ca 75 to ca 
87 % V), paralleled by decreasing ingestion of pelagic fauna (e.g. calanoid copepods) 
(Figure  5.16;  Chapter  III).  In  spring,  the  contribution  of  pelagic  fauna  increased  to Chapter V 
161 
41.8 % V, coinciding with the highest mean δ
15N value recorded for any fish species in 
any season (14 ‰). Similar to the situation with L. wallacei in the Upper Swan River, 
this species fed opportunistically on the abundant zooplankton available in Wilson Inlet 
in  spring.  The  biomass  of  benthic  macroinvertebrates,  which  dominated  the  diet  of 
L. wallacei for the remainder of the year (Figure 5.16; Chapter III), is correlated, at least 
for certain species, with the density of R. megacarpa in the basin of Wilson Inlet (Platell 
& Potter 1996), and this seagrass attains greatest densities in summer (Carruthers et al. 
1999; Water and Rivers Commission 2003). Leptatherina wallacei, whose abundance is 
correlated with the abundance of R. megacarpa in Wilson Inlet (Humphries & Potter 
1993),  was  therefore  likely  to  have  preyed  opportunistically  on  the  abundant 
polychaetes  and  molluscs  in  seagrass  beds,  but  also  on  a  considerable  amount  of 
harpacticoid copepods (ca 20 % V), in Wilson Inlet. Apart from providing a rich food 
source, seagrass beds also offer increased shelter from predation  (Bell & Pollard 1989). 
The diet of L. wallacei was examined in Wilson Inlet in the ‘90s, where it consumed 
large  volumes  of  larval  bivalves,  calanoid  and  harpacticoid  copepods  and  nereid 
polychaetes, mainly from above the seagrass canopy in the water column (Humphries & 
Potter 1993). The diet was termed essentially planktonic. 
The δ
13C values of L. wallacei were intermediate between those for P. olorum and 
A. butcheri.  In  summer,  they  indicated  assimilation  of  carbon  derived  from  sPOM, 
seston and isopods, while in winter, heterokontophytes, seston, isopods, brachyuran and 
mysid zoëa larvae and mysids were likely carbon sources for L. wallacei. The nMDS 
ordination  plot  derived  from  the  fatty  acid  composition  of  fish  and  prey  in 
summer/autumn revealed that the fatty acid composition of L. wallacei was similar to 
those of mysids, amphipods and isopods, which in turn lay close to the samples for 
other pelagic food sources such as seston. Mysids, calanoid copepods and fishlarvae 
resembled the fatty acid composition of L. wallacei best in winter/spring. The above 
facts support the hypothesis that L. wallacei feeds in the water column as well as on the 
benthos, as it was suggested for this species in the Upper Swan River (Chapter IV). The 
fact that L. wallacei exhibited lower δ
13C values than P. olorum, with the lowest value Chapter V 
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in spring (-20.7 ‰), possibly reflected the consumption of terrestrial prey, which made 
its largest contribution to the gut contents in that season (Fig. 5.16; Chapter III). 
The  lipid  content  in  L. wallacei  was  highest  out  of  the  three  species  studied, 
which was similar to the findings in the Upper Swan River, but the season of lipid 
accumulation differed. The lipid content of L. wallacei was highest in autumn (vs winter 
in the Upper Swan River), indicating that this species accumulated lipid reserves prior 
to spawning and winter, a time of lower food availability. Note that fish species can 
store  their  lipids  in  different  tissues  (e.g.  mesenteric  tissue,  muscle,  liver,  gonads) 
(Sheridan 1988), and that the amount of lipid in each tissue varies on differing time 
scales,  with  the  reproductive  cycle  having  a  great  influence  on  lipid  metabolism 
(Reznick & Braun 1987; Malavasi et al. 2004; Jonsson & Jonsson 2005; Pérez et al. 
2007;  Lloret  et  al.  2008).  Therefore,  the  lipid  content  in  muscle  tissue  of  fish 
investigated during this study is not only related to the diet, but also to the reproductive 
cycle of the fish.  
Polyunsaturated  fatty  acids  (PUFAs)  dominated  the  fatty  acid  composition  of 
L. wallacei  in  each  season,  with  highest  contributions  in  spring  (52.9  %  tFA), 
potentially a time when it would be spawning. In autumn, 18:3(n-3) and 18:4(n-3) made 
higher contributions to the tFA composition of L. wallacei than in any other seasons, 
suggesting assimilation of FAs derived from seston, chlorophytes, heterokontophytes 
and R. megacarpa, that all showed elevated contributions of either one or both of these 
FAs, and both of them, as well as 18:2(n-6), have previously been used as indicators for 
pelagic systems (Budge et al. 2002; Käkelä et al. 2005). High contributions of the FAs 
18:2(n-6) and 18:3(n-3) were also reported for Ruppia megacarpa in Wilson Inlet by 
Volkman et al. (2008), and for another species of Ruppia from a laboratory experiment 
in winter in South Africa (Henninger et al. 2009). 
The FA 20:4(n-6) made largest contributions to the FA composition of L. wallacei 
in summer, suggesting assimilation of FAs from sources such as heterokontophytes, 
amphipods, gastropods and fishlarvae, which all had substantial amounts of this FA in 
their tissues, while it can also indicate connection with a benthic food source (Budge et 
al. 2002; Käkelä et al. 2005). The contribution of 20:4(n-6) to the tFA composition was Chapter V 
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lower in L. wallacei than in P. olorum, which underlined the lesser dependence on 
benthic food sources of this species. 
The  DHA:EPA  ratio  in  L.  wallacei  was  highest  out  of  the  fish  species,  and 
generally  higher  in  pelagic  (fishlarvae,  seston,  mysids,  calanoid  and  cyclopoid 
copepods)  than  benthic  (molluscs,  isopods,  amphipods,  decapods,  annelids)  prey, 
supporting the hypothesis that this ratio can be applied as an indicator for the feeding 
mode of estuarine fishes (see Chapter IV). 
Overall, these results indicate the opportunistic feeding behaviour of L. wallacei, 
and its ability to feed in the water column as well as on the benthos. Previous studies on 
the diet of the congener Atherina boyeri in the Mediterranean have shown that this 
species feeds opportunistically on pelagic and benthic crustaceans, depending on their 
availability in the environment. In estuaries for example, where, due to hydrological and 
physiological  changes  in  the  environment,  the  abundance  of  zooplankton  can  vary 
substantially,  it  predominantly  feeds  on  benthic  prey  (Trabelsi  et  al.  1994),  which 
corresponds to the results from this study. The feeding mode of L. wallacei would also 
be related to its mouth morphology, especially the gill rakers, which are more abundant, 
longer and thinner in pelagic than in benthic feeding atherinids (Prince et al. 1982). 
Size-related  changes  in  biochemical  composition  of  L.  wallacei  muscle  tissue 
were detected by both methods. In larger fish, the δ
15N value increased significantly, 
suggesting that this species feeds higher up the trophic ladder with increasing size. The 
δ
13C  value  became  more  negative  with  increasing  fish  size,  but  not  significantly, 
therefore the determination of the amount of terrestrially derived carbon in the diet as 
the fish increased in length needs further investigation. This result was different to the 
result for the same species in the Upper Swan River, where terrestrial sources became 
less important with size (Chapter IV). Docosahexaenoic acid (22:6(n-3)) exhibited the 
greatest change in percentage contribution to tFA with size, as it increased from 28.6 to 
35.4 % tFA. This could be related to the physiology of L. wallacei, where larger fish 
selectively accumulate DHA in their tissue to ensure membrane fluidity. A decrease in 
the contribution of 20:4(n-6) was also observed, indicating a lesser dependence on the Chapter V 
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benthos as a food source as the fish grew, which coincided with larger amounts of 
calanoid copepods in the diet of larger fish, which fed higher in the water column. 
5.5.3  Trophic niche of Pseudogobius olorum 
Overall, seasonal changes in both stable isotope values (δ
15N and δ
13C) and fatty 
acid composition were significant in P. olorum, although they were less pronounced in 
stable  isotope  values,  where  two  out  of  the  six  possible  pairwise  comparisons  (i.e. 
summer and spring, autumn and winter) were not significant. These results paralleled 
those from gut content analysis, where the contribution of benthic fauna increased from 
ca 65 to ca 90 % V between summer and winter, and then declined in spring, while the 
reverse was true for the contribution of benthic flora (Figure 5.16, Chapter III). The 
δ
13C value of P. olorum in winter (-15.5 ‰) was higher than in summer (-18.2 ‰), 
which could be related to the fact that carbon derived from live or dead R. megacarpa 
(ca -13 ‰) was assimilated to a greater extent in winter. Other prey, which were likely 
assimilated by P. olorum according to their similar δ
13C values, in summer were seston, 
sPOM,  heterokontophytes,  detritus,  molluscs  and  isopods,  and  in  winter  detritus, 
heterokontophytes,  R.  megacarpa,  annelids,  harpacticoids,  amphipods  and  Palaemo-
netes sp.. Pseudogobius olorum always had the lowest δ
15N values out of the three fish 
species and therefore occupied a slightly lower trophic level, possibly due to short food 
chains leading to this species (for example detritus – harpacticoids – P. olorum). A 
study by Humphries & Potter (1993) on the diet of P. olorum in Wilson Inlet in the ‘90s 
found that it consumed mainly detritus when caught in R. megacarpa habitats, while the 
diet was dominated by amphipods, mollusc siphons and detritus when collected from 
bare sand habitats. Further frequently ingested dietary items were diatoms, ostracods, 
nereid and capitellid polychaetes. A further study on the diet of P. olorum in the Surrey 
River estuary on the south-east coast of Australia underlined the importance of this 
species feeding on the benthos largely on detritus, which was deliberately ingested for 
its  nutritional value and not  incidentally  (Becker &  Laurenson  2007).  These results 
support the conclusion drawn from this study that P. olorum is an opportunistic benthic 
feeder. Chapter V 
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The fatty acid 20:4(n-6), which made substantial contributions to the total fatty 
acid composition of bivalves (ca 5 – 10 % of tFA) and gastropods (ca 10 – 15 % tFA), 
was more abundant in P. olorum than L. wallacei, indicating a larger contribution of 
molluscan prey to the diet of the gobiid. The nMDS ordination results showed that the 
FA  composition  of  P.  olorum  was  similar  to  those  of  molluscan  prey,  further 
underlining the fact that these were assimilated in the fish tissue. Other workers have 
used the contribution of 20:4(n-6) as an indicator of the amount of demersal feeding or 
feeding on detritus (Kuusipalo & Käkelä 2000; Käkelä et al. 2005). As P. olorum in 
general consumed a large amount of benthic fauna, particularly harpacticoid copepods 
(see Chapter III; Fig. 5.16), which are known to partially feed on detritus (Couch 1989; 
Carman & Fry 2002), the contribution of 20:4(n-6) could also be used as an indicator of 
benthic  feeding  in  this  study.  The  fatty  acid  18:1(n-9),  which  was  abundant  in  the 
heterokontophytes,  chlorophytes,  detritus  and  crustaceans  (i.e.  amphipods,  isopods, 
mysids, Palaemonetes sp.) in Wilson Inlet, contributed 6.1 – 8.0 % tFA to the tFA 
composition of P. olorum, indicating that they are likely to contribute to the nutrition of 
this species. This fatty acid has previously been found to contribute substantially to the 
fatty acid composition of green and brown algae (Johns et al. 1979), which were also 
part of the diet of this species according to gut content analyses. Furthermore, 18:1(n-9) 
has  been  used  as  an  indicator  for  carnivorous  feeding  (Falk-Petersen  et  al.  2000; 
Dalsgaard et al. 2003), which complements the results from this study of L. wallacei, 
P. olorum and A. butcheri, which all consumed a substantial amount of fauna (see Fig. 
5.16; Chapter III). The interpretation of results from the contribution of 18:1(n-9) to the 
tFA  composition  of  an  organism  can  be  challenging,  due  to  the  ability  of  some 
consumer species to biosynthesise this FA (see for example Sargent & Henderson 1986; 
Gurr & Harwood 1991; Cook 1996), which therefore often accumulates in higher order 
consumers. 
The contribution of EPA (20:5(n-3)) to the total FA composition was higher in 
P. olorum than L. wallacei, and also high in Polysiphonia sp. (ca 40 % tFA), annelids 
(between  20  -  30  %  tFA)  and  crustaceans  (ca  20  %  tFA).  These  prey  therefore 
contributed more to the fatty acids assimilated by the former than the latter species. This Chapter V 
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FA  has  previously  been  shown  to  be  abundant  in  rhodophytes  in  the  Sea  of  Japan 
(Khotimchenko & Vaskovsky 1990).  
Similar  to  the  situation  in  the  Upper  Swan  River,  P.  olorum  had  the  lowest 
DHA:EPA ratio out of the three fish species in Wilson  Inlet, suggesting that it fed 
mainly on prey with a low DHA:EPA ratio and that this ratio can be applied as an 
indicator of the feeding mode of estuarine fishes. 
The lipid content in P. olorum was slightly higher in autumn and winter than in 
spring and summer, but overall did not vary much throughout the year, which paralleled 
the results for P. olorum in the Upper Swan River (Chapter IV). No specific time of 
lipid reserve accumulation was detected for P. olorum, which has a prolonged spawning 
period  and  spawns  in  spring  and  autumn  in  the  Swan  Estuary  (Gill  et  al.  1996), 
producing medium-sized eggs with lipid reserves (H. Gill, pers. comm.). 
Size-related changes between the two size classes present for P. olorum were only 
detected in the FA composition, where the main difference was a decrease in DHA with 
increasing size of fish (i.e. 19.8 - 16.7 % tFA). Other FAs showed only small variations, 
e.g. 18:1(n-9), 20:4(n-6) and 20:5(n-3) increased with increasing size of fish. Results 
from  gut  content  analyses  showed  that,  as  P.  olorum  grew  in  size,  it  ingested  less 
pelagic (calanoid, cyclopoid) copepods  and more  amphipods  and  algae.  Its  terminal 
small mouth would restrict the size of prey it can ingest at an early life history stage, 
where it can feed pelagically on small zooplankton, while the ingestion of prey from on 
or within the subtratum would be facilitated by its mouth morphology when increasing 
in size (Gaughan & Potter 1997). 
5.5.4  Trophic niche of Acanthopagrus butcheri 
In  the  case  of  A.  butcheri,  significant  differences  were  detected  for  FA 
composition  between  seasons,  but  not  for  δ
15N  and  δ
13C  stable  isotope  values.  In 
summer and autumn, the contribution of benthic flora to the gut contents of A. butcheri 
was very high (76.3 – 65.2 % V), while in winter and spring, it declined to ca 18 % V 
and faunal prey comprised > 80 % V of the diet. The majority of this was benthic fauna, 
but  pelagic  fauna,  which  was  absent  in  the  diet  in  summer,  increased  from  11.9  – Chapter V 
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33.6 % V between autumn and spring (Fig. 5.16; Chapter III). Seasonal changes in diet 
were significant, but less pronounced than those between species. These facts indicate 
that A. butcheri fed opportunistically on abundant prey in its habitat (tributary rivers) in 
each season (i.e. largely benthic flora in summer and autumn, benthic fauna in winter, 
pelagic fauna in spring), and was able to feed in the water column as well as on the 
benthos. Compared to the Upper Swan River,  where this species showed very little 
seasonal  changes  in  diet  (see  Chapters  III  &  IV;  Fig.  4.14),  A.  butcheri  fed  more 
opportunistically  in  Wilson  Inlet,  where  the  abundance  and  diversity  of  prey  was 
greater. 
The stable isotope values of carbon suggested that terrestrial carbon was being 
assimilated by A. butcheri to a greater degree than by L. wallacei and P. olorum, which 
could be related to the fact that A. butcheri was almost exclusively collected from the 
Hay and Denmark rivers. The input of terrestrial material is greatest in these rivers due 
to terrestrial vegetation overhanging the banks and dropping parts into the river, which 
accumulates at the bottom (pers. obs. during gillnetting). A further explanation would 
be  the  low  δ
13C  values  exhibited  by  the  rhodophytes,  which  were  ingested  by 
A. butcheri. 
The δ
15N and δ
13C values recorded for A. butcheri were similar to those recorded 
for the congener Acanthopagrus australis (Sparidae) in southern Moreton Bay on the 
east  coast  (Connolly  2003),  while,  compared  to  another  study  on  A. australis  in 
Moreton Bay (Melville & Connolly 2003), the δ
15N values of A. butcheri in this study 
were higher (ca 12 vs ca 10 ‰) and the δ
13C values were lower (ca -20 vs ca -17 ‰). 
The reliance on seagrasses by A. butcheri in Wilson Inlet was similar or less than in 
Moreton Bay, while the influence of nitrogen in its reduced form in Wilson Inlet seems 
to be greater. Compared to a study undertaken in the Kariega estuary in South Africa on 
the sparid Rhabdosargus holubi, A. butcheri had lower δ
13C (ca -20 vs ca -12 ‰), while 
no information on δ
15N was available. These differences could be due to the different 
sources of carbon fuelling the food web in these differing estuaries.  In the Kariega 
estuary for example, the influence of the seagrasses in the diet of fish can be traced 
through the use of stable isotope analyses of carbon, while in Wilson Inlet, the δ
13C Chapter V 
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values were much lower in fish than in  R. megacarpa. This fact would lead to the 
conclusion that R. megacarpa was only of moderate importance in the nutrition of fish 
species. Since gut content analyses in this study revealed that A. butcheri consumed a 
considerable amount of seagrass (ca 13 % V) in Wilson Inlet, R. megacarpa most likely 
did contribute to the mixed δ
13C values in this species, in turn suggesting it also derived 
carbon from a very depleted carbon source, for example chlorophytes or rhodophytes, 
causing the fish to exhibit intermediate values between its carbon sources. These facts 
underline the advantage of combining results from both gut content and stable isotope 
analyses for the interpretation of the diet of a species. 
As hypothesised, the biomarker composition of A. butcheri differed from those 
described for L. wallacei and P. olorum. The fatty acid 18:1(n-9), which was abundant 
in  certain  algae  (chlorophytes  and  heterokontophytes)  and  crustaceans  (amphipods, 
isopods,  Palaemonetes  sp.,  mysids),  made  a  greater  contribution  to  the  fatty  acid 
composition of A. butcheri than to those of L. wallacei and P. olorum, supporting the 
results from stable isotope analyses that revealed algae as primary source of nutrition. 
This underlines the greater importance of certain algae and crustaceans in supplying 
FAs to the tissues of A. butcheri than to the other two fish species. The FA 18:1(n-9) 
has previously been found in marine algae (Johns et al. 1979), and has also been used as 
an indicator for the amount of carnivorous feeding, mainly in pelagic copepods (Falk-
Petersen et al. 2000), and both facts match the results for A. butcheri. The fatty acid 
16:1(n-7) contributed 5.0 – 8.0 % tFA in A. butcheri, more than in the other two fish 
species. This fatty acid was also found in seston, chlorophytes and rhodophytes, which 
were all likely contributors to the FAs assimilated by A. butcheri. 
Conflicting  information  was  derived  from  analyses  of  size-related  changes  in 
biochemical composition. Stable isotopes revealed a tendency for δ
15N and δ
13C values 
to  increase  with  increasing  fish  size  (PERMANOVA:  not  significant;  regression 
analysis: significant but with low R
2 value), while significant changes were detected in 
fatty  acid  composition  between  different  size-classes,  due  partly  to  the  increased 
contribution of 18:1(n-9) from 6.6 % tFA in fish 150-199 mm in length to 15.3 % tFA 
in  300-349  mm  fish,  followed  by  a  decline  to  11.9  %  tFA  in  fish  >  350  mm. Chapter V 
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Acanthopagrus butcheri is the longest living species studied here, with a significant 
change in mouth gape, which would facilitate the ingestion of larger prey as it increases 
in size. This is consistent with results from gut content analyses (Chapter III), where the 
ingestion of teleost prey increased steadily from fish 200-249 mm length to fish > 350 
mm. 
5.5.5  Comparisons between fish species in Wilson Inlet and other estuaries 
Svensson  et  al.  (2007)  examined  the  isotopic  composition  of  a  suite  of  fish 
species, including A. butcheri, Favonigobius lateralis (a gobiid similar to P. olorum) 
and Leptatherina presbyteroides (a co-generic atherinid to L. wallacei), in the Walpole-
Nornalup  estuary  on  the  south  coast  of  Western  Australia.  Similar  to  the  primary 
producers and invertebrates, the δ
15N values for each of the three fish species were 
higher by one trophic level in Wilson Inlet compared to Walpole-Nornalup estuary, 
while the δ
13C values of fish species were all lower in Wilson Inlet (by up to ca 5 ‰ for 
P. olorum cf F. lateralis). This could be related to a number of factors. An enrichment 
in δ
15N values can be due to processes occurring at the level of dissolved inorganic 
nitrogen,  which  effects  can  penetrate  up  the  food  chain.  Usually,  freshwater, 
anadromous  and  estuarine  fishes  exhibit  depleted  δ
15N  values  compared  to  marine 
species, due to lower baselines existing in fresh- and brackish waters (France 1995). 
Nitrogen is readily available in these systems, and is preferentially taken up by primary 
producers (Riera et al. 2000). An enrichment in 
15N in nearshore and estuarine food 
webs is not a naturally occurring process, but rather related to anthropogenic inputs, e.g. 
sewage, which is enriched in 
15N and can enter these aquatic food webs (Cabana & 
Rasmussen 1996; McClelland & Valiela 1998; Riera et al. 2000), and this effect could 
be traced through all trophic levels. 
Compared to  Wilson Inlet  and the  Walpole-Nornalup  estuary  (Svensson et  al. 
2007), the carbon isotopic composition of fish species in the Kariega estuary in South 
Africa  (Paterson  &  Whitfield  1997)  were  very  enriched  in  δ
13C  (e.g.  the  atherinid Chapter V 
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Atherina breviceps: -17.0 ‰; the gobies Psammogobius knysnaensis and two species of 
Caffrogobius: ca -12.0 ‰). Paterson and Whitfield (1997) concluded that fish in the 
Kariega estuary, to a certain extent, utilise carbon derived from seagrasses and their 
epiphytes. The gut contents of the same four species were examined in another South 
African estuary, the Swartvlei estuary, where A. breviceps consumed mainly copepods, 
while the three species of goby ingested, to a large extent, small crustaceans such as 
amphipods and ostracods (Whitfield 1988), similar to the findings of this study (Chapter 
III). Seagrass was found in the guts of three herbivorous species, but Whitfield (1988) 
argued that fish do not seem to assmilate the aquatic macrophte carbon (Blaber 1974), 
although they digest algae (Gerking 1994). The author suggested biochemical analyses 
of  gut  contents  of  herbivorous  species,  as  early  studies  employing 
14C  labelling  of 
seagrasses have shown that their carbon was assimilated into the fish tissue (Conacher 
et al. 1997). Whitfield (1988) further concluded that the large biomass of fishes in the 
upper reaches of the Swartvlei estuary was facilitated by seagrass wrack including its 
epiphytes exported from downstream regions. 
The lower δ
13C values of fish in both Wilson Inlet and the Walpole/Nornalup 
indicated that carbon derived from seagrass is assimilated to a far lesser extent in these 
two systems. Compared to the Upper Swan River (Chapter IV), the δ
15N values of fish 
species in Wilson Inlet were depleted by one trophic level, while their δ
13C were more 
enriched (by ca 6 ‰). This suggests that the amount of δ
15N entering the Upper Swan 
River is much greater than in Wilson Inlet, while the lower δ
13C values indicated a 
greater influence of terrestrially derived carbon in the former than the latter system. The 
δ
13C values for the different families of terrestrial angiospermae in Wilson Inlet ranged 
between ca -25 and -30 ‰, with the exception of the Poaceae, which displayed similarly 
enriched δ
13C values to R. maritima and its epiphytes, i.e. -13 ‰. The Poaceae can have 
symbiotic  nitrogen-fixing  bacteria  (Haahtela  et  al.  1981;  Gajendiran  &  Mahadevan 
1989), which would cause the plants to have an enriched (less negative) δ
13C value and Chapter V 
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low values of δ
15N. Both Poaceae and the other angiospermae were therefore unlikely 
food sources in the diet of fish species in this study. 
5.5.6  Summary 
In  summary,  multivariate  analyses  verified  that  fish  species  partitioned  their 
resources within and among species, as reflected in their differing δ
15N and δ
13C values 
and fatty acid compositions, which reduces the potential of competition between and 
among  them. Acanthopagrus  butcheri differed in biochemical  composition  of stable 
isotopes and fatty acids from the other two species, and showed the greatest influence of 
terrestrial  carbon  in  muscle  flesh,  due  to  its  occupation  of  the  river  habitat,  where 
terrestrial vegetation is abundant on the shore and on the benthos (as detritus), rather 
than the basin of Wilson Inlet. 
This study highlights the importance of seston, detritus, sPOM and macroalgae in 
the  diet  of  estuarine  fishes,  while  the  contribution  of  the  abundant  macrophyte 
R. megacarpa to carbon supporting the food web in Wilson Inlet was apparent, but less 
than expected, although it was evident in Palaemonetes sp., P. olorum and A. butcheri. 
Terrestrial carbon was assimilated, to a lesser extent, by fish species in Wilson 
Inlet than in the Upper Swan River. Even though the system stayed closed throughout 
the study period, not permitting any exchange between estuarine and oceanic waters, the 
assimilation of terrestrial carbon in fish species was limited. This is potentially due to 
less terrestrially derived carbon being available in the basin of Wilson Inlet, where most 
fish were caught. Smaller individuals of A. butcheri showed incorporation of terrestrial 
carbon into their tissue to some extent, while this was less evident in larger individuals 
of that species, which are able to move downstream into the basin, where they then 
potentially feed. 
The  DHA:EPA  ratio,  which  was  identified  as  a  potential  indicator  of  feeding 
mode  for  estuarine  fishes  in  the  Upper  Swan  River  (see  Chapter  IV),  also  differed 
among the feeding modes of fish in Wilson Inlet, with higher values for L. wallacei, Chapter V 
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who fed more through the water column, than A. butcheri and P. olorum, who fed more 
on the benthos, suggesting that this ratio can be used as a potential indicator of feeding 
mode for estuarine fishes. 
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6.  Trophic interactions in the Canning River, overall synthesis and conclusions 
6.1  Introduction 
In this study, dietary analyses  (Chapter  III) and stable isotopes of carbon and 
nitrogen and fatty acids were used to investigate the trophic relationships and food webs 
of four abundant species in the permanently-open Upper Swan River (Chapter IV) and 
the  seasonally-open  Wilson  Inlet  (Chapter  V)  in  Western  Australia.  These  species 
differed in the extent that they fed on the benthos and throughout the water column. 
In addition to the information gained from the Upper Swan River and Wilson 
Inlet, the trophic relationships of Acanthopagrus butcheri, Leptatherina wallacei and 
Favonigobius punctatus in the Canning River, a tributary of the Swan-Canning estuary, 
were also examined to test for differences in trophic flows between adjacent systems. 
This chapter briefly summarises the results from the Canning River and synthesises the 
findings from all studies in this thesis. 
6.2  Summary of trophic relationships in the Canning River 
A  study  in  the  Canning  River  investigated  the  trophic  interactions  between 
abundant  members  of  the  nearshore  fish  fauna,  i.e.  Leptatherina  wallacei  (pelagic 
feeder), Acanthopagrus butcheri (bentho-pelagic feeder) and Favonigobius punctatus 
(benthic feeder), and their potential prey, using stable isotope ratios of carbon (δ
13C) 
and nitrogen (δ
15N). For details of the sampling area, sampling regime and rationale for 
choosing a different species of goby than Pseudogobius olorum, see Chapters II and III. 
The  mean  δ
15N  values  of  A.  butcheri,  L.  wallacei  and  F.  punctatus  in  the 
Canning River were very similar to those of fish in the Upper Swan River and ranged 
from  14.7  to  16.1 ‰  (Table  6.1).  In  contrast,  the  δ
13C  values  of  these  fish  in  the 
Canning River ranged from -24.5 to -19.9 ‰ and were ca 6 - 9 ‰ lower than those for 
fish in the Upper Swan River (Table 6.1; Chapter IV, Table 4.1). Stable isotope ratios of 
the potential invertebrate prey in the Canning River varied by more than 10 ‰ for both 
δ
15N (3.4 to 14.5 ‰) and δ
13C (-26.3 to -15.6 ‰). The respective ranges for primary 
producers were 0.5 to 11.1 ‰ for δ
15N and -30.1 to -12.0 ‰ for δ
13C (Table 6.2; Fig. Chapter VI 
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6.1; Appendix C, Table C6.1). These results suggest that the food web in the Canning 
River spanned 3-4 trophic levels between primary producers and fish species. The large 
variability in the stable isotope values for seston, angiospermae and insects were related 
to combining various species into larger groups, as well as averaging the values across 
two seasons (see standard deviations in Table 6.2). 
PERMANOVA  on  the  similarity  matrices  derived  from  the  stable  isotopic 
composition of the three fish species revealed that species accounted for the highest 
component of variation  in stable isotope signatures compared with season  (data not 
shown).  
 
Table 6.1  Means (± 1 SD) of fish tissue for (a) δ
15N and (b) δ
13C stable isotope values in the 
Canning River in winter and spring 2007 and in summer and autumn 2008. n = 18 
in all except 2 cases, where it was 14 (A. butcheri in winter) and 2 cases, where it 
was 22 (A. butcheri in autumn). The range of values is shown in parentheses. 
 
Species  Season 
Winter  Spring  Summer  Autumn 
(a) δ
15N (‰)         
A. butcheri  16.1  ± 0.2  15.9 ± 0.6  15.9 ± 0.5  15.8 ± 0.5 
  (15.6 – 16.4)  (14.6 – 16.7)  (15.0 – 16.6)  (15.0 – 17.0) 
L. wallacei  14.7 ± 0.8  15.9 ± 0.7  15.7 ± 0.3  15.4 ± 0.5 
  (12.4 – 15.5)  (13.6 – 16.7)  (15.2 – 16.2)  (14.3 – 16.1) 
F. punctatus  14.8 ± 0.7  15.5 ± 0.6  15.2 ± 0.7  14.9 ± 0.8 
  (13.6 – 15.9)  (14.2 – 16.4 )  (13.4 – 15.9)  (13.9 – 16.3) 
(b) δ
13C (‰)        –   
A. butcheri  -22.2 ± 1.6  -21.9 ± 1.8  -21.9 ± 1.6  -21.2 ± 1.0 
  (-24.9 – -19.0)  (-26.4 – -19.3)  (-26.9 – -20.1)  (-23.7 – -19.1) 
L. wallacei  -24.5 ± 1.8  -23.3 ± 1.2  -23.0 ± 1.1  -22.5 ± 0.8 
  (-29.5 – -22.9)  (-25.0 – -21.2)  (-24.9 – -21.0)  (-23.7 – -20.5) 
F. punctatus  -19.9 ± 1.4  -21.3 ± 1.6  -20.2 ± 0.8  -19.9 ± 0.9 
  (-23.1 – -17.5)  (-23.9 – -19.3)  (-22.1 – -18.2)  (-21.6 – -18.2) 
 
Pairwise PERMANOVAs showed that only one comparison between species did 
not differ significantly (F. punctatus and A. butcheri in spring). Acanthopagrus butcheri 
showed little seasonal variation (only one significant comparison), while  L. wallacei 
differed in five out of the six comparisons and F. punctatus in three out of the six 
comparisons (data not shown). 
Salinities in the Canning River were higher than those in the Upper Swan River 
throughout the year, and the highest salinities recorded in summer were close to those of 
oceanic water (see Chapter III, Fig. 3.2). The greater marine influence in the Canning 
than in the Upper Swan River was predicted to lead to greater 
13C enrichment in the Chapter VI 
175 
food web of the Canning than in the Upper Swan River. A weir, which restricts the 
freshwater flow of the Canning River upstream from the study area, causes this part of 
the estuary to be influenced to a greater extent by marine waters entering the estuary 
with tides rather than freshwater run-off, except during the winter months, when the 
weir is opened. 
 
Table 6.2   Means (± 1 SD; (sample size n)) of primary producer and consumer tissue δ
15N and 
δ
13C stable isotopic composition in the Canning River in winter/spring 2007 and in 
summer/autumn 2008. * = no sample. 
 
  Seasonal δ
15N (‰)    Seasonal δ
13C (‰) 
Season/Species  summer/autumn  winter/spring    summer/autumn  winter/spring 
Primary producers           
Seston   6.4±1.6 (18)  6.8 ± 1.4 (18)    -26.3 ± 1.2 (18)  -24.4 ± 1.1 (18) 
Chlorophyta  10.2 ± 1.3 (2)  –    -22.1 ± 2.0 (2)  – 
Rhodophyta  11.3 ± 0.6 (2)  9.7 (1)    -19.0 ± 1.8 (2)  -17.6 (1) 
Heterokontophyta  9.7 ± 0.5 (3)  9.9 ± 0.5 (2)    -19.5 ± 3.4 (3)  -23.8 ± 1.1 (2) 
Magnoliophyta/Seagrasses  7.6 (1)  7.2 ± 0.2 (2)    -12.0 (1)  -12.9 ± 0.1 (2) 
Angiospermae  –  4.1 ± 2.7 (6)    –  -28.8 ± 1.0 (6) 
Cyanobacteria  8.5 (1)  6.6 (1)    -17.0 (1)  -18.1 (1) 
Detritus  3.3 ± 2.5 (3)  7.5 ± 1.3 (3)    -26.2 ± 1.0 (3)  -26.9 ± 2.4 (3) 
sPOM  8.9 ± 1.4 (6)  8.9 ± 1.7 (3)    -24.4 ± 1.3 (6)  -22.7 ± 0.4 (3) 
Consumers           
Annelida  11.8 ± 1.2 (10)  12.1 ± 0.9 (6)    -19.6 ± 2.3 (10)  -19.6 ± 2.1 (6) 
Bivalvia  10.0 ± 1.0 (4)  9.8 ± 0.8 (5)    -22.6 ± 1.3 (4)  -21.8 ± 1.0 (5) 
Gastropoda  11.3 ± 1.1 (3)  12.9 ± 0.9 (4)    -18.0 ± 1.4 (3)  -17.7 ± 1.8 (4) 
Calanoid copepods  8.7 ± 0.5 (3)  11.0 ± 1.1 (3)    -26.3 ± 1.1 (3)  -22.8 ± 1.6 (3) 
Amphipoda  9.4 ± 0.5 (5)  9.1 ± 0.1 (2)    -19.9 ± 2.4 (5)  -17.2 ± 1.1 (2) 
Isopoda  9.9 (1)  –    -20.4 (1)  – 
Decapoda  13.0 ± 0.2 (2)  14.3 ± 0.1 (3)    -18.7 ± 0.5 (2)  -23.9 ± 1.2 (3) 
Insects  –  3.0 ± 4.6 (7)     –  -21.6 ± 3.9 (7) 
 
Furthermore, the Upper Swan River  has a much greater catchment area and 
greater freshwater flow, receiving more terrestrial input for much of the year than the 
Canning River, which would cause the primary producers and invertebrates to have 
more depleted (lower) carbon values in the Upper Swan than in the Canning River. 
From  stable  isotope  values,   all  sampled  primary  producers  are  potentially 
contributing to the nutrition of the consumers in the Canning River with their carbon, 
but to differing extents (Fig. 6.1c, d). The seagrass Halophila ovalis had a δ
13C value of 
ca 13 ‰ and was the only unlikely primary source of carbon in the nutrients assimilated 
by consumers (Fig. 6.1c, d). 
The  average  δ
15N  values  for  primary  producers  (the  baseline  values)  in  the 
Canning River were 6.6 and 4.9 ‰ in winter and summer, respectively. This could be 
due to the relatively small input of nutrients in terrestrial run-off in summer, which 
would cause a decline in the baseline value for δ
15N compared to winter. Chapter VI 
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Figure 6.1  The  δ
15N  (a,  b)  and  δ
13C  values (c,  d)  [‰  ±  1  SD])  of  primary  producers, 
invertebrates and fish species in the Canning River in (a, c) winter/spring of 
2007 and (b, d) summer/autumn of 2008. Sample size given in parentheses. 
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6.3  Synthesis of major findings and comparisons between systems 
This study firstly compared the trophic interactions in two estuaries ca 500 km 
apart,  the  permanently-open  Swan-Canning  estuary  on  the  south-west  coast  and  the 
seasonally-open  Wilson  Inlet  on the south coast  of Western Australia and secondly 
compared the trophic interactions in two tributary rivers of the Swan-Canning estuary, 
the Upper Swan and Canning Rivers, which have differing degrees of freshwater and 
terrestrial influence. Significant differences were found in the dietary compositions of 
species, both within and between systems, and also for the sources of carbon and the 
trophic  levels  occupied  by  the  fish  species.  Fish  in  the  Upper  Swan  River  had  the 
greatest terrestrial influence, while those in Wilson Inlet were influenced, to a greater 
extent, by marine waters. The trophic levels of fish in Wilson Inlet were lower than in 
the Upper Swan and Canning Rivers. Fish in the Canning River were similar in trophic 
level to those from the Upper Swan River, but showed a lesser terrestrial influence than 
fish from the Upper Swan River and a lesser marine influence than fish from Wilson 
Inlet. 
6.3.1  Environmental conditions 
The  Upper  Swan  River,  Canning  River  and  Wilson  Inlet  each  exhibited  a 
distinct combination of environmental variables (see Chapter III; Fig. 3.2). The greatest 
differences in physico-chemical variables among the three systems was salinity, which 
was least variable in Wilson Inlet, and much more variable in both the Upper Swan and 
Canning  Rivers.  This  is  related  to  the  fact  that  rainfall  in  the  south-west  corner  of 
Western Australia is highly seasonal, falling mainly in winter and early spring (Bureau 
of Meteorology 2008), which leads to increased discharge from tributary rivers and a 
decline in salinity at this time. In the seasonally-open Wilson Inlet, the bar at the mouth 
prevents water leaving the estuary as well as oceanic water entering the estuary. Since 
the  bar  was  not,  as  is  common  practice,  artificially  opened  in  2007,  no  exchange 
between  estuarine  and  oceanic  waters  was  possible  and  salinity  in  Wilson  Inlet 
increased slowly, with evaporation, after reaching a minimum in spring. Chapter VI 
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6.3.2  Comparisons of trophic niches of A. butcheri, L. wallacei, P. olorum and 
F. punctatus in the Swan-Canning estuary and Wilson Inlet 
Schematic food web diagrams were able to be constructed for each of the Upper 
Swan  and  Canning  Rivers  and  Wilson  Inlet  (Figures  6.6,  6.7,  6.8,  respectively), 
combining the information derived from gut content, δ
15N and δ
13C stable isotope and 
fatty acid analyses. The three most important dietary items directly consumed by each 
of  the  four  fish  species,  as  identified  from  gut  content  analyses,  were  reported 
quantitatively, while results from δ
15N and δ
13C values and fatty acid composition of 
fish and prey gave qualitative information on the sources of carbon assimilated by the 
consumers, and an indication of the trophic pathways these sources could possibly have 
taken en route to the fish species.  
The  results  from  gut  content,  stable  isotope  and  fatty  acid  analyses  clearly 
separated  the  trophic  niches  occupied  by  A.  butcheri,  L.  wallacei,  P.  olorum  and 
F. punctatus  in  the  Swan-Canning  estuary  and  Wilson  Inlet.  Gut  content  analyses 
revealed that each species fed on similar broad suites of prey in the different systems, 
but to varying extents (Fig. 6.2), which has been shown for other  co-occurring fish 
species in nearshore marine waters (Winemiller 1989; Hyndes et al. 1997; Linke et al. 
2001; Platell et al. 2006) and estuaries, both in Australia and elsewhere (Thorman 1983; 
Thiel  et  al.  1996;  Platell  et  al.  2006;  Abdurahiman  et  al.  2010).  For  example, 
A. butcheri consumed a greater amount of flora in Wilson Inlet than in the Upper Swan 
and Canning Rivers. This would be due to the greater amount of aquatic flora available 
for consumption in Wilson Inlet, while in the Upper Swan and Canning Rivers, benthic 
macroalgal or seagrass vegetation was limited. The amount of terrestrial flora in the diet 
of A. butcheri was  greatest in the Upper Swan  River (Fig. 6.2), where this type of 
vegetation was most abundant. 
Leptatherina wallacei consumed terrestrial fauna (insects) in each system, but 
their  contribution  was,  by  far,  lowest  in  the  Wilson  Inlet  (Fig.  6.2).  Here,  the 
contribution  of  benthic  fauna  was  greater  than  in  the  other  two  systems.  As  an 
opportunistic feeder, L. wallacei possibly did not prey on insects from the water surface 
because other, benthic prey were likely to be more accessible in Wilson Inlet. Due to the Chapter VI 
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great  habitat  and  structural  complexity  offered  by  meadows  of  the  seagrass  Ruppia 
megacarpa, benthic macroinvertebrates are abundant in Wilson Inlet (Platell & Potter 
1996) and form a large part of the diet of abundant fish species there (Humphries & 
Potter 1993; Platell et al. 2006). The diet of P. olorum contained larger amounts of 
pelagic fauna and less benthic flora in Wilson Inlet than in the Upper Swan River, 
which could indicate the greater nutritional value of fauna than flora for this species. At 
a finer taxonomic level, it was visible that P. olorum caught in Wilson Inlet relied to a 
large  extent  on  harpacticoid  copepods,  while  in  the  Upper  Swan  River,  the  faunal 
component of the diet consisted largely of polychaetes and arthropods (see Chapter III, 
Fig.  3.3),  reflecting  the  abundance  of  these  prey  in  both  systems.  The  gobiid 
Favonigobius punctatus fed almost exclusively on fauna (carnivorous), with > 80 % by 
volume  coming  from  the  benthos  (Fig.  6.2),  indicating  that  it  feeds  less 
opportunistically than P. olorum. 
 
 
Figure 6.2  Volumetric contribution of pelagic, benthic and terrestrial flora and fauna to the 
gut contents of Acanthopagrus butcheri, Leptatherina wallacei, Pseudogobius 
olorum and Favonigobius punctatus in the Upper Swan River, Canning River 
and Wilson Inlet, averaged for one year. Sample size given above each column. 
 
S
V
olunm
e 
(
%)
0
20
40
60
80
100
Benthic fauna
Benthic flora
Pelagic fauna
Terrestrial fauna
Terrestrial flora
A. butcheri
P. olorum
L. wallacei
F. punctatus
P. olorum
S S C C C W W W
System  S = Upper Swan River  C = Canning River  W = Wilson Inlet
112 105 108 90 98 55 115 78 101Chapter VI 
181 
Overall, the δ
15N values showed a clear separation between fish caught in the 
Swan-Canning estuary and those from Wilson Inlet (Fig. 6.3). The baseline δ
15N values, 
averaged for the whole year, were similar in the Upper Swan and Canning Rivers, i.e. 
6.9 and 7.3 ‰, respectively, but the baseline value in Wilson Inlet was 1.2 to 1.6 ‰ 
lower (5.7 ‰). The δ
15N values placed A. butcheri and L. wallacei in the Upper Swan 
and Canning Rivers on a similar trophic level, while their δ
15N values were lower, by up 
to 4 ‰, in Wilson Inlet. In addition to the differences in source signatures, the lower 
δ
15N values for A. butcheri in Wilson Inlet were related to the greater amount of flora in 
the diet in this system (Fig. 6.2). For L. wallacei, differences were due to the ingestion 
of  less  insects  in  Wilson  Inlet  than  in  the  Upper  Swan  and  Canning  Rivers. 
Interestingly, the δ
15N value for calanoid copepods, which form a large part of the diet 
of  L.  wallacei,  was  ca  13  ‰,  possibly  influencing  the  high  δ
15N  in  the  sample  of 
L. wallacei in Wilson Inlet in spring, where this species exhibited the highest δ
15N value 
of all seasons and which coincided with the largest volumetric contribution of pelagic 
fauna in its diet (see Fig. 5.16). 
The goby F. punctatus in the Canning River was almost exclusively carnivorous, 
as previously reported by Gill (1996), which placed it on a slightly higher trophic level 
than P. olorum, which is omnivorous, in the Upper Swan River (Fig. 6.3). In Wilson 
Inlet, P. olorum had the lowest δ
15N values out of all species and systems, with also the 
greatest range between seasons (> 3 ‰). The low values in autumn could be related to 
the fact that P. olorum consumed large amounts of benthic flora in summer, which, once 
assimilated, caused the δ
15N values to be lowest in autumn. 
The δ
13C values clearly separated the Upper Swan River, Canning River and 
Wilson  Inlet  for  all  species,  irrespective  of  their  feeding  mode  (Fig.  6.3).  These 
differences are related to, at least in part, the different primary sources of nutrients in 
the nutrition of the fish. It has been shown that fish relying on either benthic or pelagic 
production within a system will exhibit different δ
13C values (Vizzini & Mazzola 2003).  
The greatest terrestrial input was observed in the Upper Swan River, revealed by 
the low δ
13C values for all species, while the marine input was potentially greatest in 
Wilson Inlet. The higher δ
13C values in the Wilson Inlet, particularly in the benthic Chapter VI 
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feeder P. olorum in autumn and winter, were similar to those exhibited by the seagrass 
R. megacarpa,  confirming  that  fish  assimilate  carbon  derived  from  the  benthic 
vegetation available in Wilson Inlet, either directly or through intermediate consumers. 
Previously, some researchers have found seagrasses to contribute carbon to the food 
web (Fry et al. 1982; Loneragan et al. 1997; Melville & Connolly 2003; Alfaro et al. 
2006;  Abrantes  &  Sheaves  2009),  while  other  studies  found  little  or  no  direct 
connection between seagrass primary production and consumers (Kitting et al. 1984; 
Whitfield 1989). 
 
Figure 6.3  Stable  isotopic  composition  (δ
15N  vs  δ
13C  [‰  ±  1  SD])  of  Acanthopagrus 
butcheri,  Leptatherina  wallacei,  Pseudogobius  olorum  and  Favonigobius 
punctatus in the Upper Swan and Canning Rivers and Wilson Inlet in each 
season of 2007 and in summer and autumn of 2008. 
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Results from nMDS ordination of the mean FA composition of each species in 
each  season  in  the  Upper  Swan  River  and  Wilson  Inlet  separated  the  samples  for 
A. butcheri in Wilson Inlet from all other samples, suggesting that it fed on different 
suites of prey than in the Upper Swan River, but also on different prey than the other 
species caught in Wilson Inlet (Fig. 6.4; Chapter III, Fig. 3.3). This is almost certainly 
related to the fact that  A. butcheri from Wilson  Inlet were sampled in  the  Hay and 
Denmark Rivers, where the influence of terrestrial carbon would be greater, rather than 
in the basin. In the case of L. wallacei and P. olorum, samples of the same species 
grouped  closer  together  than  samples  of  different  species  in  the  same  system, 
underlining the fact that differences were greater between fish with differing feeding 
modes than between the same species caught in different systems. Overall, samples 
collected from the Upper Swan River for all species lay closer together than those for 
fish collected from Wilson Inlet, possibly indicating the greater food diversity in the 
Wilson  Inlet compared  to  the Upper Swan River  and potentially also  reflecting  the 
different habitats sampled for A. butcheri. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4  nMDS ordination of the similarity matrix derived from the mean fatty acid 
composition  of  Acanthopagrus  butcheri,  Leptatherina  wallacei  and 
Pseudogobius olorum in the Upper Swan River and Wilson Inlet in each 
season of 2007. 
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Regression  analyses  of  δ
13C  vs  a  terrestrial  marker  fatty  acid,  the  PUFA 
18:2(n-6),  clearly  separated  samples  from  the  Upper  Swan  River  from  those  from 
Wilson Inlet along the carbon axis, with fish collected from the Upper Swan River 
showing  a  greater  influence  of  terrestrial  carbon  than  those  caught  in  Wilson  Inlet. 
Furthermore,  the  content  of  18:2(n-6)  confirmed  that  A. butcheri  consumed  more 
terrestrial food sources in the Upper Swan River than in Wilson Inlet. 
The importance of terrestrially derived material was potentially higher in the diet 
of L. wallacei in the Upper Swan River, who, by far, had the highest contribution of 
18:2(n-6) and the lowest δ
13C values (Fig. 6.5). The fact that L. wallacei from Wilson 
Inlet had higher δ
13C values than A. butcheri from the same system was again largely 
due to the fact that L. wallacei was sampled in the basin, where the sediment contains 
less terrestrially derived organic material than sediments from the rivers (Volkman et al. 
2008),  and  these  sediments  form  the  basis  of  the  food  web,  as  nutrients  are 
remineralised  there.  These  results  have  to  be  treated  with  caution,  as  the  18:2(n-6) 
content in fish tissue was very variable, causing the error bars to overlap. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5  Regression  analyses  of  δ
13C  (‰)  vs  18:2(n-6)  (%  tFA)  of  Acanthopagrus 
butcheri, Leptatherina wallacei and Pseudogobius olorum in the Upper Swan 
River and Wilson Inlet, averaged for the year 2007. 
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Overall, the sources of carbon in both estuaries were a combination of terrestrial 
(angiospermae),  benthic  (macroalgae,  epiphytes,  seagrass,  sPOM,  microalgae)  and 
pelagic (phytoplankton,  seston) origin. This has been reported for other estuaries in 
Australia (Melville & Connolly 2003; Abrantes & Sheaves 2009), New Zealand (Alfaro 
et al. 2006), North America (Kwak & Zedler 1997; Winemiller et al. 2007; Douglass et 
al. 2011), South America (Garcia et al. 2007) and Africa (Froneman 2010). 
The  main  differences  were  detected  in  the  percentage  contributions  of  the 
various sources to the food webs of the two estuaries, with greater terrestrial input into 
the food web of the Upper Swan River, and greater benthic input to the food web of the 
Wilson Inlet. This is, at last in part, due to the different regions sampled in the two 
estuaries,  and  differences  are  confounded  by  the  different  sampling  locations. 
Furthermore, the availabilities of food resources will differ in the sampled regions of the 
two estuaries and therefore the food webs will differ. These results were similar to those 
of Deegan and Garrit (1997), who found that consumers utilised sources of organic 
material that were produced in the same region of the estuary where they occurred, i.e. 
they ingested autochthonous production. In the upstream region in Plum Island Sound 
(USA), consumers relied on marsh plants and phytoplankton, while terrestrial carbon 
did not contribute much to the food web in that region, while in the middle estuary, 
Spartina  sp.,  benthic  microalgae  and  marine  phytoplankton  were  important  carbon 
sources  for  consumers.  Pelagic  feeders  were  found  to  feed  on  pelagic  prey,  i.e. 
phytoplankton,  while  benthic  feeders  fed  on  benthic  microalgae  and  saltmarsh 
vegetation. 
6.4  Evaluation of methods for examining trophic flows to fish 
Gut content analyses proved to be very well suited for providing a taxonomically 
fine description/resolution of the diet of fish. Data derived from this method provided 
the  input  for  multivariate  statistical  analyses,  to  test  for  variations  in  diet  among 
seasons, systems and size-classes of fish. However, these data cannot be used to identify 
the sources of nutrients assimilated by the fish, the intermediate consumers between Chapter VI 
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primary producers and fish species, or the trophic level of the species of interest, which 
are more effectively studied using stable isotopes and fatty acid tracers. 
The  δ
15N  values  allowed  a  differentiation  of  trophic  levels  and  provided  an 
indication of food chain length. However, it is difficult to be precise about the food 
chain length, as the baseline values for primary producers varied among systems and 
seasons,  even  within  one  system.  Laboratory  experiments,  that  describe  how  δ
15N 
values vary under controlled conditions (i.e. temperature, salinity, light intensity) and 
also allow estimates of fractionation between trophic levels (e.g. Aberle & Mahlzahn 
2007; Crawley et al. 2007), would have been a valuable addition to the research in this 
Thesis.  The  δ
13C  values  enabled  a  separation  of  carbon  sources  in  the  diet  of  the 
different fish species within each of the Upper Swan and Canning Rivers and Wilson 
Inlet, while it also permitted the clear differentiation of carbon sources between the 
three systems. 
At  a  finer  taxonomic  level,  stable  isotope  analyses  of  δ
13C  did  not  allow  the 
quantification of the volumetric contributions of the different dietary items to the diet of 
each species, due to the mixed signals in fish. Here, the application of mixing models 
such as ISOSOURCE© would have been advantageous, allowing to give estimates of 
percentage contributions of the different sources of carbon at the base of the food web 
to the mixed signal in a consumer of interest. The prerequisite then would have been to 
increase the sample size at the base of the food web. Furthermore, using additional 
tracers (such as δ
34S) can aid in the interpretation of results, as mixing models find 
unique solutions for n + 1 sources if n isotope tracers (e.g. δ
13C, δ
15N, δ
18O, δ
34S) are 
used (Fry 1988; Phillips & Gregg 2003; Lubetkin & Simenstad 2004). Stable isotope 
data are not suitable for multivariate analyses, as there are too few variables involved, 
but  graphical  analyses  (i.e.  biplots  of  δ
13C  vs  δ
15N)  are  useful  by  adding  further 
information  for  creating  a  more  complete  food  web  picture.  Additionally,  recently 
developed  Bayesian-based  mixing  models  have  overcome  some  of  the  problems 
encountered and also allow for variability to be included in the model outputs (Moore & 
Semmens  2008;  Parnell  et  al.  2010),  and  their  application  would  have  been Chapter VI 
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advantageous for resolving the difficulty in determining source contributions in this 
study. 
Fish species have varying lipid content and distribution (Ackman & McLeod 
1988; Sheridan 1988), and often store their lipids in either muscle, liver or reproductive 
tissue  (Ackman  1980).  In  general,  pelagic  species  (for  example  sardine,  anchovy, 
mackerel) tend to store lipids in their body (muscle flesh), while demersal species (such 
as cod, halibut) deposit their lipids in the liver (Tocher 2003). In this study, all lipids 
present in the muscle flesh of the three fish species were extracted, as it has been shown 
that lipids in muscle flesh reflect the lipids taken up with the diet (Ratnayake & Ackman 
1979; Xu et al. 1993; Dalsgaard et al. 2003). Energy is mainly stored as neutral lipids, 
while  polar  lipids  are  important  for  the  structure  and  functioning  of  mainly 
biomembranes and precursors for hormones (Berg et al. 2002). Since the fatty acid 
composition of all lipids, i.e. storage and structural lipids, was investigated, it was not 
possible to distinguish if the fatty acid composition of the fish muscle was proportional 
solely to the fatty acid composition of the prey, or if certain fatty acids were specifically 
retained by the organisms for structural purposes. Furthermore, the storage and de novo 
synthesis  of  specific  fatty  acids  varies  between  consumer  species,  making  a  direct 
application of the trophic marker concept problematic (Dalsgaard et al. 2003). 
Fatty  acid  analyses  were  helpful  in  detecting  differences  in  the  sources  of 
nutrition for the three fish species. They were suited for analysing the lower trophic 
levels,  as  certain  marker  fatty  acids,  which  had  previously  been  identified  in  a 
substantial body of literature (e.g. Volkman et al. 1980; Khotimchenko & Vaskovsky 
1990; Conway & McDowell Capuzzo 1991; Zhukova et al. 1992; Napolitano et al. 
1997;  Parrish  et  al.  2000;  Falk-Petersen  et  al.  2002),  were  able  to  be  identified  in 
primary producers and in the fish species of interest. However, information on these 
marker  fatty  acids  comes  mainly  from  organisms  living  in  the  marine  pelagic 
environment, in particular herbivorous epipelagic copepods (de Sylva 1975; Graeve et 
al. 1994a; Graeve et al. 1994b; Kattner et al. 1994; Kattner & Hagen 1995), which 
complicates their application and adaptation in this study of estuaries. Chapter VI 
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Furthermore, it was helpful to study the tFA composition of the potential prey, 
which helped in the interpretation of results from the FA composition of fish species. In 
the literature, information on marker fatty acids in fish from estuaries are scarce, and 
ground truthing, i.e. collecting flora and fauna in estuaries and analysing them for their 
fatty acid compositions, and allowing for better replication than applied in this study, 
would be valuable and allow the comparisons of the fatty acid compositions of different 
primary producers and consumers between estuaries. 
The results from fatty acid analyses have a good potential as a tracer of benthic 
vs pelagic input into the food web of a system. Eutrophication of a system is likely to 
affect the food web by increasing pelagic production (i.e. causing phytoplankton and 
cyanobacteria  blooms),  while  benthic  production  would  become  less.  Therefore, 
changes in FA composition towards greater contribution of pelagic derived FAs could 
potentially be used as indicators for ecosystem health. 
The quantification of the contribution of the various FAs, especially the PUFAs, 
to  the  tFA  composition  of  primary  producers,  invertebrates  and  fish  species  was 
particularly helpful in elucidating trophic pathways, as FAs could be traced from one 
trophic level to the next and indicate contributions of certain food items to the diets of 
fish species. In this case, the results from FA analyses were more informative than those 
from SI analyses, since the latter left some uncertainty regarding which sources caused 
the mixed signal in consumers and, furthermore, the magnitude of source contributions.  
The results from this study indicate that the DHA:EPA ratio has potential for 
determining the feeding mode, i.e. the amount of benthic and pelagic feeding within the 
water column, of estuarine fishes. Thus, in both the Upper Swan River and Wilson Inlet, 
the DHA:EPA ratios were higher in pelagic than benthic prey, and consequently also 
higher in pelagic (L. wallacei) than bentho-pelagic (A. butcheri) and, in turn, benthic 
feeding fish (P. olorum). The levels of DHA accumulated with trophic level, which was 
not only due to the physiology of the fish species, but, at least in part, derived from the 
diet of the fish. It would be valuable to verify these results with controlled laboratory 
experiments, where fish are fed on different diets that contain known quantities of DHA 
and EPA. The incorporation of these dietary fatty acids into the fish tissue could thus be Chapter VI 
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verified. Fatty acid data were also well suited for multivariate analyses, which detected 
seasonal, size- and system-related changes in fatty acid composition of the fish species.  
In summary, the combination of gut content, stable isotope (δ
13C, δ
15N) and fatty 
acid analyses provided an integrated picture of the food webs supporting four abundant 
fish species with different feeding modes in the Swan-Canning estuary and Wilson Inlet 
(Figures 6.6 – 6.8).  
Workers are increasingly applying a combination of techniques, e.g. lipid class 
analyses, sterol analyses, fatty acid analyses, stable isotope analyses, compound-specific 
stable  isotope  analyses,  to  gain  a  more  detailed  understanding  of  the  origin  and 
composition of organic material in aquatic ecosystems and its fate in the food chains of 
these systems. McCallister et al.  (2006) applied a combination of fatty acid and stable 
isotope analyses of δ
15N and δ
13C to assess the fate of organic material in the York 
River estuary near Chesapeake Bay and  found that the information derived from SI 
analyses was less informative in providing information on source contributions, while 
FA analyses proved to be more sensitive. A study in the same estuary similarly found 
that  FA  analyses  allowed  for  a  more  detailed  understanding  of  the  organic  matter 
sources, while SI analyses were a useful tool in determining the average composition of 
organic material (Countway et al. 2007). Results from a study in the Scheldt estuary in 
the  Atlantic  found  that  SI  and  FA  analyses  of  the  source  of  organic  matter  in 
mesozooplankton  gave  significantly  different  results,  but  the  authors  were  able  to 
reconcile  these  differences  and  also  derive  new  information  from  the  combined 
application of the techniques (Van den Meersche et al. 2009). A combined FA and SI 
approach study in an estuary in New Zealand (Alfaro et al. 2006) found the information 
derived  from  both  analyses  complementary,  and  concluded  that  a  variety  of  carbon 
sources  were  present  and  differing  trophic  pathways  were  utilised  between  primary 
producers and consumers. In this study, the combined application of SI and FA analyses 
was complementary, and the results derived from both methods did not contradict each 
other, although the results from FA analyses did allow for a more precise identification 
of food sources in the diet of consumers. Chapter VI 
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6.5  Management implications and directions for future research 
This study provided quantitative and qualitative data on the dietary compositions 
and the nutrients and fatty acids assimilated by abundant fish in two estuaries with 
differing  hydrological  regimes.  It  provides  a  rigorous  baseline  for  fish  species  with 
different  feeding  modes  to  evaluate  any  future  changes  in  food  web  structure  and 
function in these two systems, particularly the sources of carbon and nitrogen and the 
importance of benthic and pelagic production to the functioning of these estuaries. In 
future studies, increasing the samples taken from primary producers and gaining data 
from higher order consumers such as birds and dolphins would be valuable for creating 
a more complete picture of the food web in each estuary. Furthermore, a greater spatial 
resolution of sampling sites, ideally including each different habitat type (Valesini et al. 
2003), would provide a detailed picture of trophic interactions along the whole salinity 
gradient of the estuary. 
The  goal  of  management  actions  of  these  estuaries  has  to  be  to  maintain  a 
healthy estuarine system which provides structural complexity (different habitats) and 
food sources to support the biomass of consumers. This study provides managers with 
important baseline data on the sources of nutrients and pathways of material transfer on 
two estuarine systems, against which future changes in ecosystem functioning can be 
assessed.  The  loss  of  riparian  vegetation,  which,  through  the  detrital  pathway,  to  a 
certain extent, supports the food web in these estuaries, will have an impact on the 
structure  of  the  food  webs  present.  The  species  investigated  in  this  study  are 
opportunistic and feed on a variety of food sources, as suggested by biomarker analyses. 
A  shift  in  food  sources,  for  example  through  the  loss  of  fringing  vegetation,  may 
therefore not impact on the abundance on the fish species studied, as they may well 
adapt  to  these  changes  in  sources  of  nutrients,  as  long  as  other  food  sources  are 
available. 
6.6  Conclusions 
Abundant fish species in nearshore areas of estuaries in south-western Australia 
rely  on  benthic  (sPOM,  detritus,  macroalgae,  seagrass)  and  pelagic Chapter VI 
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(seston/phytoplankton) food sources to maintain their biomass. Even though the four 
species treated in this study were opportunistic omnivores, they ingested varying types 
of  prey  at  differing  amounts,  which  helped  in  the  partitioning  of  resources  among 
species. Furthermore, due to changes in morphology and ecology of each species, size-
related  changes  in  diet further  partitioned  the  use  of  food  resources  within  species. 
Differences in the structure and functioning of food webs in estuaries with differing 
hydrological regimes were evident. 
  
192 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.6     Food web of the Upper Swan River, compiled from information derived from gut content, stable isotope (δ
15N and δ
13C) and fatty acid analyses. Prey items consumed by 
each of the three fish species located in centre circle, those consumed by two fish species located in circle between the two respective fish species, and those consumed by one fish 
species only located in circle next to the respective fish species. The three most important prey items according to gut content analyses are listed for each fish species with their 
percentage contributions to the total gut contents (%). Prey items identified through stable isotope and fatty acid analysis are marked with a star. Dark stars = FA data; light stars = SI 
data, blue stars = L. wallacei; green stars = A. butcheri; yellow stars = P. olorum. Prey items: 1 = seagrass; 2 = chlorophytes; 3 = rhodophytes; 5 = angiosperms; 6 = cyanobacteria; 7 = 
seston; 8 = detritus; 9 = microphytobenthos; 10 = polychaetes; 11 = bivalves; 12 = gastropods; 13 = calanoid/cyclopoid copepods; 14 = harpacticoid copepods; 15 = amphipods; 16 = 
isopods; 17 = ostracods; 18 = zoëa; 19 = mysids; 20 = decapods; 21 = insect larvae; 22 = insects; 23 = rotifers; 24 = fishlarvae. 
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Figure 6.7    Food web of the Canning River, compiled from information derived from gut content and stable isotope (δ
15N and δ
13C) analyses. Prey items consumed by each of the 
three fish species located in centre circle, those consumed by two fish species located in circle between the two respective fish species, and those consumed by one fish species only 
located in circle next to the respective fish species. The three most important prey items according to gut content analyses  are listed for each fish species with their percentage 
contributions to the total gut contents (%). Prey items identified through stable isotope analysis are marked with a star. Blue stars = L. wallacei; green stars = A. butcheri; yellow stars 
= F. punctatus. Prey items: 1 = seagrass; 2 = chlorophytes; 3 = rhodophytes; 5 = angiosperms; 6 = cyanobacteria; 7 = seston; 8 = detritus; 9 = microphytobenthos; 10 = polychaetes; 11 
= bivalves; 12 = gastropods; 13 = calanoid/cyclopoid copepods; 14 = harpacticoid copepods; 15 = amphipods; 16 = isopods; 17 = ostracods; 18 = zoëa; 19 = mysids; 20 = decapods; 21 
= insect larvae; 22 = insects; 23 = rotifers; 24 = fishlarvae. 
C
hapter I
V
 
193  
  
194 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.8    Food web of the Wilson Inlet, compiled from information derived from gut content, stable isotope (δ
15N and δ
13C) and fatty acid analyses. Prey items consumed by each 
of the three fish species located in centre circle, those consumed by two fish species located in circle between the two respective fish species, and those consumed by one fish species 
only located in circle next to the respective fish species. The three most important prey items according to gut content analyses are listed for each fish species with their percentage 
contributions to the total gut contents (%). Prey items identified through stable isotope and fatty acid analysis are marked with a star. Dark stars = FA data; light stars = SI data, blue 
stars = L. wallacei; green stars = A. butcheri; yellow stars = P. olorum. Prey items: 1 = seagrass; 2 = chlorophytes; 3 = rhodophytes; 5 = angiosperms; 6 = cyanobacteria; 7 = seston; 8 
= detritus; 9 = microphytobenthos; 10 = polychaetes; 11 = bivalves; 12 = gastropods; 13 = calanoid/cyclopoid copepods; 14 = harpacticoid copepods; 15 = amphipods; 16 = isopods; 
17 = ostracods; 18 = zoëa; 19 = mysids; 20 = decapods; 21 = insect larvae; 22 = insects; 23 = rotifers; 24 = fishlarvae; 25 = benthic diatoms; 26 = oligochaetes. 
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Table A4.1  Means (± 1 SD) of primary producer and consumer tissue δ
15N and δ
13C stable 
isotopic  composition  in  the  Upper  Swan  River  in  summer/autumn  and 
winter/spring 2007. * = no sample. Groups used in figures denoted in boldface. 
sPOM  =  sedimentary  particulate  organic  material.  Sample  size  n  given  in 
parentheses. 
 
  δ
15N (‰)    δ
13C (‰) 
Species / Season  Summer/autumn  Winter/spring    Summer/autumn  Winter/spring 
PRIMARY PRODUCERS           
Seston   8.3±1.6 (16)      -28.3±1.8 (16)  -26.6±2.3 (15) 
size fractions 5-19 μm  8.6±1.8 (3)  *    -28.7±0.6 (3)  -27.8; -28.1 (2) 
20-49 μm  8.6±2.0 (3)  *    -27.3; -29.5 (2)  -26.9; -28.7 (2) 
50-73 μm  9.2; 10.6 (2)  *    -28.4±0.9 (3)  -27.4±0.8 (3) 
74-249 μm  7.7±1.5 (3)  *    -27.4±1.4 (3)  -22.4; -29.1 (2) 
>250 μm  6.8±1.0 (3)  *    -27.0±1.1 (3)  -24.8±2.2 (3) 
Water  8.8; 7.4 (2)  *    -30.1; -28.2 (2)  -26.3±2.9 (3) 
Angiospermae  4.4±1.0 (8)      -29.0±1.4 (8)   
Myrtaceae  4.6±0.7 (5)  –    -28.4±0.3 (5)  – 
Pinaceae  4.2±2.5 (3)  –    -29.8±0.9 (4)  – 
Other           
Cyanobacteria  6.3±0.7 (2)  8.0 (1)    --24.9 ±0.8 (2)  -25.9 (1) 
Detritus  7.0±0.4 (2)  3.8±2.0 (3)    -25.9±0.4 (3)  -24.7±2.6 (3) 
sPOM  7.8±0.9 (3)  7.0±2.0 (6)    -22.0±5.9 (3)  -25.1±0.6 (6) 
CONSUMERS           
Annelida  11.3±1.1 (14)  11.5±1.8 (14)    -25.7±1.6 (14)  -25.7±1.3 (14) 
Ceratonereis sp.  12.3±0.7 (6)  12.9±1.0 (6)    -25.4±0.7 (6)  -25.4±1.4 (6) 
Leitoscoloplos normalis  10.4±0.6 (6)  10.9±1.0 (6)    -26.1±0.7 (6)  -26.0±0.9 (6) 
Oligochaeta  10.6; 11.3 (2)  11.2; 7.1 (2)    -24.5; -26.7 (2)  -23.6; -27.2 (2) 
Mollusca           
Bivalvia  10.4±1.2 (6)      -27.9±0.7 (6)   
A. semen  9.5±1.2 (3)  –    -27.4±0.4 (3)  – 
Spisula trigonella  10.7; 11.2 (2)  –    -28.3; -28.8 (2)  – 
Sanguinolaria biradiata  11.7 (1)  –    -28.4 (1)  – 
Gastropoda  10.2±0.2 (2)      -24.6±0.2 (2)   
Velacumantus australis  10.1; 10.3 (2)  –    -24.5; -24.7 (2)  – 
Arthropoda           
Pelagic copepods  5.0±0.5 (3)  12.9±2.2 (3)    -30.0±4.7 (3)  -34.6±1.8 (3) 
Calanoida  5.2; 5.5 (2)  12.9±2.2 (3)    -28.1; -35.2 (2)  -34.6±1.8 (3) 
Cyclopoida  4.5 (1)  –    -26.5 (1)  – 
Benthic copepods  –  5.0 (1)    –  -28.4 (1) 
Harpacticoida  –  5.0 (1)    –  -28.4 (1) 
Amphipoda  8.7±1.6 (7)  9.5±1.0 (5)    -24.9±1.6 (7)  -27.5±2.3 (5) 
Grandidierella propodentata  9.4±1.4 (4)  10.4;10.7 (2)    -24.3±1.4 (4)  -24.3; -25.7 (2) 
Corophium minor  9.4 (1)      -27.1 (1)  – 
Paracorophium excarvatum  –  8.8±0.6 (3)    –  -29.1±0.7 (3) 
Unid. amphipod  8.0; 6.0 (2)  –    -23.9; -26.3 (2)  – 
Ostracod sp. 1  –  8.8 (1)    –  -21.1 (1) 
Isopoda  12.9±2.6 (4)      -22.3±2.4 (4)   
Isopod sp. 2  14.1±1.3 (3)  –    -22.6±2.8 (3)  – 
Isopod sp. 4  9.4 (1)  11.2 (1)    -21.5 (1)  -22.3 (1) 
Decapoda  15.6±1.9 (5)  15.2±1.5 (3)    -27.1±1.0 (5)  -25.6±2.3 (3) 
Hymenosomatidae  12.6 (1)  –    -26.5 (1)  – 
Decapod sp. 1  16.4±1.1 (3)  –    -27.5±1.3 (3)  – 
Decapod sp. 2  16.3 (1)  15.2±1.5 (3)    -26.8 (1)  -25.6±1.3 (3) 
Insects  7.0±1.8 (8)  7.5±2.7 (2)    -23.8±3.5 (8)  -18.4±5.7 (2) 
Formicidae  8.0±0.4 (3)  9.4 (1)    -23.1±0.3 (3)  -22.5 (1) 
Insect A  –  5.6 (1)    –  -14.4 (1) 
Unid. insects  6.4±1.0 (5)  –    -24.2±2.0 (5)  – 
Fishlarvae  14.8 (1)  16.8±0.6 (3)    -29.9 (1)  -31.4±0.8 (3)  
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Table A4.2  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1 % tFA) to the total fatty acid composition of seston size-
fractions and selected primary producers. SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = 
dry weight. Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for summer and autumn 2007. 
 
Species/ 
sample size  seston size fractions (μm)    Chloro-
phyte       
  5-19  20-49  50-73  74-249  250+  Water    Ulva sp.  Cyanobacteria  sPOM  Detritus 
Fatty acid  3  3  2  3  3  3    1  2  9  3 
14:0  2.7 ± 2.4  2.6 ± 2.5  3.2  2.4  3.9 ± 0.7   3.4 ± 0.9   5.8 ± 0.9     4.5  18.9  6.2  4.4 ± 1.7  2.5 ± 2.9 
15:0  –  –  1.1  –  0.4 ± 0.7   0.4 ± 0.8   –     2.7  1.4  1.9  5.7 ± 5.0  – 
16:0  26.2 ± 1.7  25.7 ± 1.3  25.1  13.0  25.8 ± 1.6  25.7 ± 4.0  28.1 ± 3.7    33.6  25.5  28.5  27.1 ± 6.0  22.5 ± 4.5 
17:0  –  –   –  –  0.8 ± 0.7  –  –    –  –  1.1  1.4 ± 0.9  – 
18:0  6.6 ± 2.6  6.4 ± 3.3  8.7  4.2  9.6 ± 1.3   7.7 ± 2.0  3.9 ± 0.5    15.4  8.0   11.5  4.5 ± 2.0   7.1 ± 2.5 
20:0  –  –  –  –  –  0.6 ± 1.0  –    –  –  –  0.4 ± 0.8  1.8 ± 1.6 
SFA  35.6 ± 1.4  34.7 ±2.7  28.8 ± 13.1   40.5 ± 2.4   37.8 ± 6.2  37.8 ± 5.0     56.2   51.5 ± 3.3   43.5 ± 10.4      33.9 ± 5.7  
16:1(n-7)  1.5 ± 1.3  3.8 ± 3.2  5.4  3.5  6.2 ± 1.6  4.6 ± 0.9  4.0 ± 1.7    1.7  26.4  8.6  17.8 ± 5.9  7.3 ± 1.2 
16:1(n-9)  0.6 ± 1.0   0.4 ± 0.6   1.1  –  1.1 ± 1.0   1.8 ± 0.1   1.1 ± 0.1     5.3  1.8  7.2  0.1 ± 0.4  0.5 ± 0.9  
18:1(n-7)  –  1.0 ± 1.0   2.2  –  2.7 ± 0.4  2.2 ± 1.0   1.6 ± 0.5     2.2  2.3  3.0  3.9 ± 1.7   3.9 ± 1.4  
18:1(n-9)  9.1 ± 4.0   8.2 ± 4.2   5.7  3.6  7.5 ± 1.1   9.6 ± 2.5   5.4 ± 0.8     16.3  4.2   13.5  6.9 ± 4.1   8.0 ± 2.7  
20:1(n-11)  0.5 ± 0.9   0.5 ± 0.9   –  1.7  0.8 ± 1.4   0.6 ± 1.1   –    –  –  –  –  – 
22:1(n-9)  –  –  2.1  -  0.6 ± 1.1   0.4 ± 0.8   0.2 ± 0.4     –  –  –  0.1 ± 0.4   0.6 ± 1.1 
22:1(n-11)  –  –  –  1.6  –  –  –    –  –  –  0.2 ± 0.7   – 
24:1(n-11)  –  –  –  -  1.3 ± 01.1   –  –    –  –  –  0.2 ± 0.6   0.7 ± 1.1  
24:1(n-13)  –  –  –  1.5  –  –  –    –  –  –  –  0.5 ± 0.9  
MUFA  11.6 ± 2.5  14.2 ± 3.5   14.2 ± 3.3  20.6 ± 1.2   19.6 ± 2.5  13.2 ± 2.5    25.5  33.5 ± 1.7  30.6 ± 4.1     21.7 ± 2.9  
18:2(n-6)  3.7 ± 0.9  3.2 ± 0.9  3.1  2.6  3.6 ± 0.5  5.0 ± 2.0   2.6 ± 0.3    5.1  1.3  2.7  1.5 ± 1.6  2.2 ± 1.9 
20:2(n-6)  0.4 ± 0.6   1.8 ± 1.8   –  8.9  0.9 ± 1.5   0.7 ± 1.2   0.3 ± 0.6     2.0  1.1  –  1.1 ± 2.4   1.6 ± 1.4  
16:3(n-4)  –  1.1 ± 2.0  1.1  –  –  –  0.5 ± 0.9    -  –  –  3.2 ± 2.3  – 
18:3(n-3)  1.7 ± 1.5   1.5 ± 1.5  2.3  –  1.8 ± 0.3   3.4 ± 1.5   4.2 ± 0.8     2.8  –  –  0.3 ± 0.6   – 
18:3(n-6)  0.6 ± 1.1  1.0 ± 1.0  -  2.4  0.9 ± 1.5  0.7 ± 1.3   –    –  –  –  0.8 ± 1.2  – 
20:3(n-3)  –  –  1.2  –  –  –  –    –  –  –  0.2 ± 0.6  – 
20:3(n-6)  –  –  –  8.6  –  –  –    –  –  –  0.2 ± 0.7  – 
16:4(n-1)  –  –  –  5.5  –  –  –    –  –  –  –  – 
18:4(n-3)  5.1 ± 4.6   7.7 ± 2.7   5.8  13.4  4.4 ± 1.3   4.5 ± 2.1   10.7 ± 1.0    –  –  1.1  0.8 ± 1.1   – 
20:4(n-3)  1.6 ± 1.6   1.7 ± 3.0   1.9  6.8  0.7 ± 1.2  1.6 ± 1.7   –    –  –  2.1  –  – 
20:4(n-6)  –  –   –  –  0.9 ± 0.8   1.2 ± 1.2   0.3 ± 0.5     –  –  –  2.2 ± 1.3   1.8 ± 3.1 
18:5(n-3); 20:1(n-
9)  10.8 ± 5.3  6.1 ± 1.8  4.2  2.8  1.9 ± 2.1  3.5 ± 3.2  10.0 ± 2.7    –  –  –  0.3 ± 0.5  – 
20:5(n-3)  4.0 ± 1.1  5.3 ± 4.7   6.7  6.1  6.2 ± 01.3   3.7 ± 1.7   4.8 ± 1.4    –  2.7  3.4  6.0 ± 4.2   7.0 ± 3.0  
22:5(n-3)  –  1.0 ± 0.9   1.8  –  2.7 ± 0.9  2.8 ± 0.3   –     –  -  1.5  2.4 ± 1.6   8.4 ± 4.1  
22:6(n-3)  12.0 ± 2.2  10.5 ± 2.1  8.6  4.0  7.9 ± 1.6   4.6 ± 3.8   13.2 ± 2.3     –  2.1  1.8  0.9 ± 1.9   4.1 ± 7.2  
PUFA  39.9 ± 7.5  41.5 ± 8.6  48.8 ± 17.1  32.0 ± 4.7  31.7 ± 6.8  47.1 ± 2.5    9.9  10.0 ± 3.9  21.0 ± 8.4   25.7 ± 10.2 
Unid. total  12.8 ± 8.4  9.5 ± 6.7  8.7  7.6  6.9 ± 3.0  11.0 ± 10.0  1.9 ± 1.8    8.4  5.1 ± 1.1  4.8 ± 5.9     18.7 ± 9.7  
LC [% DW]  n.a.  n.a.  n.a.  n.a.  n.a.  n.a.    0.2    1.4 ± 0.8   < 0.1 ± < 0.1     0.2 ± < 0.1 
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Table A4.3  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1% tFA) to the total fatty acid composition of seston size-
fractions and selected primary producers. SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; DW: dry 
weight. Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for winter and spring 2007. 
 
Species/  Seston size fractions (μm)    Angiospermae    Cyano-     
sample size  5-19  20-49  50-73  74-249  250+  water    Myrtaceae  Juncaceae  Pinaceae    bacter.  sPOM  Detritus 
Fatty acid  3  3  3  3  3  3    3  2  4    1  6  2 
14:0   3.7 ± 0.5   2.4 ± 0.3   2.2 ± 0.8    2.0 ± 1.9   3.0 ± 1.9    3.1 ± 0.7     3.7 ± 1.0  –    1.3  –      8.7  2.8 ± 1.7  –    2.4 
15:0   0.4 ± 0.6   0.5 ± 0.8    0.5 ± 0.9   –  –  –    2.6 ± 2.5   –  –  –      2.0  2.4 ± 1.3   –    4.8 
16:0  20.6 ± 1.5   19.9 ± 1.1  19.6 ± 3.6   21.7 ± 4.0   23.5 ± 4.1   19.1 ± 2.4      16.0 ± 2.3   14.8  15.4   16.1 ± 6.6    23.6   29.6 ± 8.3   –  14.6 
18:0    9.0 ± 0.5    9.0 ± 0.8    8.4 ± 2.9    8.5 ± 2.5    7.0 ± 1.0    8.3 ± 1.5      0.7 ± 1.2     1.9    1.7   2.4 ± 4.7       7.1  4.9 ± 2.7    6.3    4.5 
20:0  –  –   0.5 ± 0.9    0.6 ± 1.0    2.5 ± 1.2   –    –  –  –   8.1 ± 6.7     –  0.4 ± 1.0   –    7.8 
SFA  33.7 ± 0.9   31.8 ± 2.3   31.6 ± 8.3   32.9 ± 6.3   36.4 ± 7.3   30.4 ± 4.5      23.0 ± 2.8    17.5 ± 1.2   26.6 ± 17.1      41.3   40.3 ± 8.9    20.2 ± 19.7 
14:1(n-5)   0.4 ± 0.6   –  –  –   0.8 ± 0.8   –    –  –  -  –    –  1.0 ± 1.3  –    1.9 
16:1(n-5)   0.4 ± 0.7   –  –   0.4 ± 0.7    1.4 ± 1.3    0.4 ± 0.7     –  –    1.2  –    –  0.3 ± 0.7   –  – 
16:1(n-7)   9.9 ± 0.5   10.0 ± 2.0    6.8 ± 2.0    8.4 ± 0.3    5.6 ± 1.5    9.3 ± 0.2     –  –  –  –    22.5   18.5 ± 7.6   –    2.8 
16:1(n-9)   0.4 ± 0.6    0.4 ± 0.7    0.5 ± 0.9   –   0.4 ± 0.7    0.9 ± 0.8    –  –  –  –      1.7  0.3 ± 0.6  –  – 
18:1(n-7)   2.7 ± 0.2    2.9 ± 0.9    3.7 ± 1.0    4.6 ± 0.2    3.6 ± 1.2    3.3 ± 0.2     –  –  –  –      3.4   2.8 ± 2.9  -    2.0 
18:1(n-9)   5.3 ± 0.8    5.8 ± 0.3   11.0 ± 3.8    9.8 ± 3.2   10.5 ± 1.4    6.2 ± 0.5      3.3 ± 0.4    2.5    1.5   2.4 ± 2.8      8.0   6.7 ± 3.9     8.9    6.3 
20:1(n-7)  –  –  –   0.4 ± 0.7   0.3 ± 0.6   –     3.2 ± 3.0   –  –  –    –  –  –  – 
22:1(n-9)  –   0.5 ± 0.9    1.7 ± 2.9   –  –  –    –  –  –  –    –  –  –  – 
24:1(n-11)   0.4 ± 0.8    0.5 ± 0.8    0.9 ± 0.8   –  –   2.2 ± 3.8    –  –  –   1.2 ± 2.3       1.6   0.2 ± 0.6   35.8  – 
24:1(n-13)  –  –   1.7 ± 1.5   –  –  –    –  –  –  –    –  –  –  – 
MUFA  20.1 ± 1.7   20.7 ± 3.0   26.7 ± 4.9   24.1 ± 1.4   22.7 ± 5.5   22.3 ± 2.5      6.5 ± 3.0   2.6 ± 0.1  3.6 ± 2.4     37.1   29.7 ± 4.1    28.8 ± 22.5  
16:2(n-4)   2.5 ± 0.1    2.4 ± 0.5    0.6 ± 1.1    0.4 ± 0.8    0.4 ± 0.7    1.6 ± 1.4      1.7 ± 1.5  –  –  –      1.7   0.2 ± 0.4  -  – 
18:2(n-6)   3.1 ± 0.6    3.0 ± 0.3    5.8 ± 3.4    4.7 ± 0.5    6.6 ± 2.3    2.6 ± 0.3      10.9 ± 2.0  12.6  13.9   13.5 ± 5.4       4.9   2.1 ± 2.2     6.2    2.2 
20:2(n-6)   2.1 ± 0.8    2.8 ± 2.9    1.9 ± 1.6    0.6 ± 1.1    0.9 ± 0.8    1.4 ± 1.2      0.7 ± 1.3   –  –  –    –   1.0 ± 1.6   –  – 
16:3(n-4)   5.6 ± 0.6    5.4 ± 1.4    2.9 ± 1.4   1.1 ± 1.9    1.2 ± 1.0    5.2 ± 0.4     –  –  –  –    –   0.9 ± 1.2   –  – 
18:3(n-3)  –  –   0.4 ± 0.7    0.4 ± 0.7   10.7±14.9    0.4 ± 0.7      44.4 ± 8.5  63.5  61.8   31.5 ± 14.0     –   0.8 ± 1.4   –  – 
20:3(n-3)  1.0 ± 1.8  –   1.4 ± 2.5   –  –  –    –  –  –  –    –  –  –    3.4 
20:3(n-6)  –  –  –  –  –  –    –  –  –  –    –   2.1 ± 3.4   –  – 
16:4(n-1)  2.4 ± 0.5    0.5 ± 0.8   –  –  –   1.5 ± 1.3     –  –  –  –      1.6   ±    –  – 
18:4(n-3)  5.2 ± 0.3    3.2 ± 1.2    0.9 ± 0.8    0.5 ± 0.9    0.4 ± 0.7    4.6 ± 0.2     –  –  –  –    –  0.3 ± 0.7  –  – 
20:4(n-3)  1.5 ± 1.3    1.1 ± 2.0    1.7 ± 0.3    0.6 ± 1.0   –   2.3 ± 0.6     –  –  –  –    –  0.3 ± 0.7   –  – 
20:4(n-6)  –  1.2 ± 1.1   4.0 ± 4.1    1.1 ± 1.9    1.1 ± 1.1   –    –  –  –  –    –  2.2 ± 1.2   –  – 
20:5(n-3)  11.0 ± 0.8    11.2 ±2.3    7.3 ± 2.2    9.0 ± 1.4    5.9 ± 4.2   11.7 ± 1.7     –  –  –   2.9 ± 2.3    –  4.7 ± 3.3   –  10.7 
22:5(n-3)  0.4 ± 0.7   0.7 ± 1.3    2.0 ± 1.9    5.7 ± 1.1    2.9 ± 0.8   –    –    2.0  –   2.3 ± 2.7     –  2.6 ± 1.9   15.6  17.2 
22:6(n-3)  2.4 ± 0.2   2.2 ± 1.9   2.9 ± 1.3    4.0 ± 1.2    2.6 ± 2.3   –    –  –    1.2   –        3.5  1.9 ± 2.1   –  – 
PUFA  37.9 ± 2.4   33.8 ± 3.2   32.6 ± 7.0   28.1 ± 7.9   33.7 ± 9.6   34.1 ± 3.3      57.8 ± 10.1   77.5 ± 0.8   50.4 ± 18.4      11.8   19.8 ± 4.3    27.7 ± 8.3 
Unid.total  8.3 ± 3.4  13.8 ± 3.9    9.1 ± 2.3   15.0 ± 3.3    7.2 ± 2.9   13.2 ± 4.8      12.7 ± 9.0  2.4±0.5   19.6 ± 13.5       9.8  10.2±10.7   23.4 ± 5.5 
LC[% DW]    n.a.    n.a.    n.a.    n.a.    n.a.    n.a.     0.8 ± 0.2  0.9 ± 0.4  0.3 ± 0.1      0.2  < 0.1±< 0.1   < 0.1 ±< 0.1 
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Table A4.4  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD   1% tFA) to the total fatty acid composition  of invertebrates. 
SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; DW: dry weight. Unid. total = unidentified peaks in 
the chromatogram; LC = lipid content; – = not detected. Data pooled for summer and autumn 2007. 
 
  Annelida    Mollusca    Crustacea 
Species/ 
Sample size  Oli-
go. 
C. 
aequisetis  L. normalis   
S. 
trigo-
nella 
S. bira-
diata 
V. 
australis    Calanoid 
copepods 
G. propo-
dentata  C.  minor  Ostra-
cod  Isopod  Decapod sp.1  Decapod 
sp.2 
Hymenoso
matidae 
Fatty acid  1  6  6    1  1  1    3  4  1  1  1  3  1  1 
14:0  2.1  –  –      1.6   2.2  –    2.3 ± 2.1    1.0 ± 0.7    3.0    3.4    4.4  0.9 ± 0.8    1.6  – 
15:0  –  0.8 ± 0.6  –    –  –  –      1.7 ± <0.1     0.5 ± 1.0   –  –  –  –  –  – 
16:0  14.0   14.7 ± 2.4   9.2 ± 2.0    19.6  19.9  14.1     24.2 ± 9.6  18.8 ± 2.2  23.2  21.8  25.7   25.8 ± 1.9   24.0  17.2 
17:0  3.5  3.5 ± 0.4  1.5 ± 0.8       1.8   2.2    3.4    2.2 ± 0.5    1.3 ± 0.2    1.2  –  –  1.5 ± 0.1     1.3    1.1 
18:0  6.3  8.3 ± 1.1   6.9 ± 0.7     10.1  11.8    8.5     16.2 ± 2.5   6.7 ± 1.0     4.4  12.1    4.4  9.1 ± 1.5     6.3    8.6 
20:0  –  –  –    –  –  –    –  –  –  –  –  –  –    1.8 
SFA  25.9   27.3 ± 3.0   17.6 ± 2.7     33.2  36.0  26.0    46.7 ± 9.0   28.4 ± 4.4  31.7  37.4  34.5  37.3 ± 2.2   33.3  28.7 
16:1(n-5)  1.1  –  1.6 ± 2.5    –   1.7  –    –   0.3 ± 0.5   –  –  –  –  –  – 
16:1(n-7)  3.7  3.4 ± 1.3  6.4 ± 3.6       3.3   5.1    4.3    1.5 ± 0.1   5.9 ± 2.6     2.5    5.0    2.3  5.0 ± 0.9    5.3    3.6 
16:1(n-9)  1.3  –  –    –   1.5    3.7    5.1 ± 3.7  –  –    4.2  –  –  –  – 
18:1(n-7)  5.8  5.7 ± 0.7   3.4 ± 2.6       2.8   4.1    2.6    3.5 ± 0.8    4.3 ± 0.7     3.3    6.9    2.2  3.2 ± 0.5     2.7    5.3 
18:1(n-9)  2.4  2.8 ± 0.9   4.8 ± 1.4       2.3   6.5    2.7    10.8 ± 3.5  11.6 ± 2.8  10.1  12.7  16.2   10.9 ± 1.1   10.7  10.6 
20:1(n-7)  1.6  –    –    –  –  –    0.8 ± 1.4  0.3 ± 0.6  –  –  –  –  –  – 
20:1(n-11)  –  1.9 ± 0.4   3.6 ± 1.9     –   2.1    6.5    –  –  –  –  –  –  –  – 
22:1(n-11)  –  –  1.8 ± 1.9     –  –  –    –  –  –  –  –  –  –  – 
24:1(n-11)  –  –  3.0 ± 3.8       6.0   2.2  –    1.6 ± 2.8    1.4 ± 1.0   –  –  –  –  17.5    6.3 
24:1(n-13)  –  –  0.2 ± 0.5     –  –  –    0.5 ± 0.9   –  –  –  –  –  –  – 
MUFA  15.9   14.4 ± 1.4   24.8 ± 4.1     14.3  23.1  19.9    23.8 ± 4.2   23.9 ± 1.9  15.9  28.7  20.7  19.0 ± 2.3   36.2  25.8 
16:2(n-4)  1.8  –  0.5 ± 0.9    –  –  –    0.8 ± 1.4  –  –  –  –  –  –    1.8 
18:2(n-4)  –  –  –      –  –  –    –  –    1.1  –  –  –  –  – 
18:2(n-6)  1.8  1.5 ± 1.9  2.0 ± 0.6     –   1.3    2.2    3.5 ± 1.2   2.6 ± 1.1    2.1    3.5  –   3.0 ± < 0.1    2.7    1.8 
20:2(n-6)  –  0.5 ± 0.8   –      2.5   1.6  –    0.9 ± 1.5   0.4 ± 0.7   –  –  –  –  –    1.3 
16:3(n-4)  –  –  0.5 ± 0.8     –  –  –    –  1.2 ± 1.0   –  –  –  –  –  – 
18:3(n-3)  –  0.2 ± 0.4   –      1.8  –  –    0.4 ± 0.8   0.5 ± 0.9     2.1  –  –   2.8 ± 0.4     2.2  – 
18:4(n-3)  –  –  0.2 ± 0.5      2.7   2.7  –    0.5 ± 0.9    1.2 ± 1.3    9.6  -  –  1.9 ± 0.6    1.6  – 
20:4(n-3)  –  –  –      1.5  –  –    –  –    1.3    1.5  –  –  –    1.1 
20:4(n-6)  10.3  3.6 ± 0.7   7.0 ± 1.9      1.6   2.5  16.1    0.7 ± 1.2    6.0 ± 1.2     1.9    3.5    2.8  3.5 ± 1.0      2.7    4.5 
18:5(n-3); 
20:1(n-9)    4.1  –  0.9 ± 2.2      1.4   1.4  –    0.6 ± 1.1    1.0 ± 0.7    2.4  –  –  –  –    1.7 
20:5(n-3)  14.8   19.2 ± 2.0   17.2 ± 2.9      7.2   6.7   8.9    5.6 ± 3.1   21.5 ± 3.3   13.7  10.5  14.2   13.4 ± 1.7     9.6  17.2 
22:5(n-3)    5.7  4.4 ± 1.5  2.7 ± 1.4      2.1   3.8   6.2    2.6 ± 1.0    0.9 ± 0.7   -    2.2    2.7  –  –    1.3 
22:6(n-3)    5.9  3.4 ± 0.8   3.7 ± 3.2    18.3  17.7   3.2    6.9 ± 4.3   10.6 ± 2.5   18.2    2.3  25.1  18.6 ± 2.3   11.7  12.0 
PUFA  44.5   32.8 ± 4.7   35.6 ± 3.6     39.2  37.7  36.7      23.1 ± 10.1   45.8 ± 3.8  52.4  23.6  44.8  43.2 ± 0.5   30.5  42.8 
Unid.total  13.7   25.5 ± 2.8    21.9 ± 4.3     13.4  3.1  17.4    6.4 ± 1.8  2.0 ± 0.5   –  10.8  –  0.5 ± 0.8  –    2.7 
LC[% DW]  3.4  3.1 ± 1.0    1.3 ± 0.7      3.5    2.2    1.7      1.8 ± 0.6    2.6 ± 1.7    7.1    0.6    7.2    4.0 ± 0.8    5.8    3.7 
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Table A4.5  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  
1 SD,   1% tFA) to the total fatty acid composition of insects. SFA: saturated 
fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; 
DW: dry weight. Unid. total = unidentified peaks in the chromatogram; LC = 
lipid content; – = not detected. Data pooled for summer and autumn 2007. 
 
 
 
 
 
 
 
 
 
 
 
 
Species/ 
Sample size 
Insecta 
Insect 
A 
Insect 
C 
Insect 
D  Formicidae 
Fatty acid  1  1  1  3 
16:0  25.1  27.5  26.7  9.0 ± 3.0 
17:0    1.4  –  –  – 
18:0    4.5    3.7    3.6  8.7 ± 1.2 
20:0  –  –  –  1.6 ± 0.2 
SFA  31.0  31.2  30.3  19.3 ± 2.1 
16:1(n-7)  25.0    1.3  30.2  1.7 ± 0.3 
18:1(n-7)    4.3  –    4.3  – 
18:1(n-9)  13.6  16.6  14.1    56.1 ± 4.2 
MUFA  43.0  17.9  48.7  57.7 ±4.1 
18:2(n-6)    8.2  44.8    7.2    18.5 ± 5.7 
16:3(n-4)    1.6  –  –  – 
18:3(n-3)    6.2  –    4.7  0.4 ± 0.7 
18:4(n-3)    1.0  –  –  – 
20:4(n-6)    2.9  –    2.4  2.0 ± 0.9 
20:5(n-3)    6.2    4.9    4.9  1.7 ± 0.9 
PUFA  26.1  49.7  19.1  22.6 ± 4.4 
Unid. total  –    1.2    1.9  0.4 ± 0.7 
LC [% DW]    7.1    6.9    5.9   2.7 ± 0.6  
200 
Table A4.6  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1 % tFA) to the total fatty acid composition of invertebrates. SFA: 
saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; DW: dry weight. Unid. total = unidentified peaks in the chromatogram; 
LC = lipid content; – = not detected, Formic. = Formicidae; P. excarvat. = P. excarvatum. Data pooled for winter and spring 2007. 
 
Species/  Annelida  Mollusca  Crustacea  Insecta  Chordata 
sample size  C. aequisetis  L. normalis    A. semen    Calanoid copepods  G. propodentata  P. excarvat.  Decapod sp.2    Formic.    fishlarvae 
Fatty acid  4  3    1    3  2  1  3    1    3 
14:0  –  –    –     3.5 ± 0.5   1.5   1.2    2.3   3.8 ± 0.2    –     1.4 ± 1.2 
15:0    0.9 ± 0.6  –    –     0.9 ± 0.8  –  –  –  –    –    – 
16:0  14.6 ± 2.5   9.5 ± 3.2    29.3    26.3 ± 4.6  16.9  19.1  13.3  17.8 ± 1.2    12.9    25.4 ± 1.7 
17:0   3.5 ± 0.4   1.9 ± 0.4      2.6     2.6 ± 1.8   1.4  -  -   1.2 ± 0.1    –     0.9 ± 0.8 
18:0   8.2 ± 0.7   7.6 ± 1.6      8.4     9.2 ± 1.4   7.3   5.8    4.4   8.2 ± 2.0      7.2    11.9 ± 2.6 
20:0  –  –    –    –  –  –  –  –      1.0    – 
SFA  27.2 ± 3.0   19.0 ± 5.0    40.3    42.5 ± 5.1     26.6 ± 0.7  20.1  30.9 ± 3.5    21.2    39.6 ± 1.1 
16:1(n-5)  –  1.3. ± 1.3      2.1    –  –  –  –  –    –    – 
16:1(n-7)   4.1 ± 1.1   8.5 ± 0.9      7.0     3.8 ± 4.2   4.7   8.2    8.3   8.2 ± 2.7      1.8     1.8 ± 0.4 
16:1(n-9)  –  –      2.2     1.2 ± 1.1  –  –  –  –    –    – 
17:1  –  –    –    –  –   1.0  –  –    –    – 
18:1(n-5)  –  –      1.7    –  –  –  –  –    –    – 
18:1(n-7)   7.4 ± 0.3   6.7 ± 1.7      7.3     1.7 ± 0.6   8.1   4.7    5.1   9.2 ± 1.5    –     1.9 ± 0.2 
18:1(n-9)   3.6 ± 1.9   3.5 ± 0.6      6.5     4.9 ± 2.2  14.0   8.6    8.0  10.3 ± 1.3    47.6     7.3 ± 0.8 
20:1(n-7)  –  –    –    –   1.4   1.3    1.1  –     –    – 
20:1(n-11)   2.0 ± 0.1   3.9 ± 0.1      3.4    –  –  –    –   0.5 ± 0.9    –    – 
24:1(n-11)  –   2.6 ± 0.7      1.8    –  –   1.4  –  –    –     1.3 ± 1.1 
24:1(n-13)  –  –    –     1.6 ± 1.4  –  –  –  –    –    – 
MUFA  17.2 ± 2.2   27.9 ± 0.7    31.9    13.6 ± 8.5     26.8 ± 2.1  22.5  28.2 ± 3.6    49.4    12.2 ± 2.4 
16:2(n-4)  –   0.4 ± 0.7      1.8     0.5 ± 0.9  -   2.0    2.0   0.4 ± 0.7      1.5    – 
18:2(n-6)   2.5 ± 3.9   1.2 ± 1.1      1.8     3.7 ± 1.1   1.5   1.4    1.5   2.3 ± 2.0    20.9     2.2 ± 0.2 
20:2(n-6)   1.0 ± 0.7   1.3 ± 2.3    –    –   3.1  -  -   0.4 ± 0.7      1.8    – 
16:3(n-4)  –  –    –     0.6 ± 1.1  –   2.0    4.9   0.4 ± 0.7    –    – 
18:3(n-3)   0.3 ± 0.6  –    –     4.6 ± 1.3  –  –  –  –    –     2.0 ± 0.3 
20:3(n-3)  –   3.9 ± 6.7      1.1    –  12.0  –  –   1.9 ± 3.2    –    – 
20:3(n-6)  –  –    –    –   1.9  –  –   3.7 ± 6.4    –    – 
16:4(n-1)  –  –    –    –  –  –    1.6  –    –    – 
18:4(n-3)  –  –    –     2.6 ± 1.4  –    1.2    5.3  –    –     1.9 ± 0.8 
20:4(n-3)  –  –    –    –  –  -    1.7  –    –    – 
20:4(n-6)   3.0 ± 0.6   3.8 ± 3.9      1.2     0.4 ± 0.7   1.5    5.3    2.7   2.4 ± 2.1      3.6     2.0 ± 0.6 
18:5(n-3); 20:1(n-9)  –  –     –    –   1.8    1.0    1.1  –    –    – 
20:5(n-3)  19.9 ± 3.7  12.8 ± 10.7      2.0     7.5 ± 1.2   5.7  25.5  24.8     16.6 ± 9.4      1.7     6.3 ± 0.5 
22:5(n-3)   5.7 ± 1.5  4.1 ± 1.1      2.3     1.3 ± 1.2   2.5    1.3  –   1.8 ± 0.2    –    1.9 ± < 0.1 
22:6(n-3)   3.1 ± 1.3  0.8 ± 1.3      2.9    19.6 ± 14.6  10.6    7.5    8.5   9.6 ± 1.7    –    32.0 ± 2.2 
PUFA  35.6 ± 2.4  28.4 ± 7.4    13.1     40.9 ± 12.4  43.8 ± 4.6  54.1  39.4 ± 4.2    29.5    48.2 ± 2.0 
Unid. total  20.1 ± 1.8  24.7 ± 4.0    14.6     3.0 ± 0.8  2.8 ± 1.8    3.4   1.5 ± 1.5    –    – 
LC [% DW]   4.2 ± 0.8  2.6 ± 1.3    2.5     5.0 ± 3.2  2.8 ± < 0.1    5.7    3.5 ± 1.7      4.7      9.1 ± 0.8 
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Table A4.7  Lipid  content  (   1  SD,  %  DW)  and  mean  percentage  contribution  of fatty  acids  (   1  SD,    1  %  tFA)  to  the  total  fatty  acid  composition of 
Acanthopagrus butcheri, Leptatherina wallacei and Pseudogobius olorum in muscle tissue. SFA = saturated fatty acids; MUFA = mono-unsaturated 
fatty acids; PUFA = poly-unsaturated fatty acids; DW = dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not 
detected. 
 
Species/ 
Season   Acanthopagrus butcheri 
 
Leptatherina wallacei 
 
Pseudogobius olorum 
Sample size  Summer  Autumn  Winter  Spring    Summer  Autumn  Winter  Spring    Summer  Autumn  Winter  Spring 
Fatty acid  17  12  14  14    12  12  12  15    12  11  12  12 
14:0  0.8 ± 0.9  0.5 ± 0.8  0.7 ± 0.8  0.5 ± 0.7    2.0 ± 0.6  1.7 ± 1.4  1.6 ± 0.4  0.9 ± 0.6    2.0 ± 3.8  1.5 ± 1.0  1.2 ± 0.7  1.1 ± 0.7 
16:0  22.8 ±3.0  23.3 ± 2.2  24.4 ± 2.0  24.2 ± 1.6    26.2 ± 2.1  23.9 ± 1.4  21.5 ± 1.4  22.6 ± 1.1    20.4 ± 1.0  20.7 ± 1.7  19.4 ± 2.7  19.6 ± 2.1 
17:0  1.3 ± 0.2  0.8 ± 0.6  0.6 ± 0.6  0.6 ± 0.6    1.3 ± 0.1  1.0 ± 0.7  0.9 ± 0.6  1.2 ± 0.6    1.9 ± 0.3  1.6 ± 0.1  1.3 ± 0.4  1.7 ± 0.3 
18:0  8.3 ± 1.1  8.1 ± 0.8  7.9 ± 0.9  7.5 ± 0.7    8.9 ± 0.7  8.3 ± 0.7  7.5 ± 0.6  8.3 ± 0.7    12.6 ± 0.9  11.4 ± 1.1  10.0 ± 1.2  10.9 ± 0.9 
SFA  34.0 ± 3.5  32.9 ± 2.7  33.7 ± 3.1  32.9 ± 2.2    38.9 ± 3.1  35.3 ± 2.1  31.6 ± 1.6  33.1 ± 1.1    37.8 ± 3.1  35.5 ± 2.3  31.8 ± 2.8  33.2 ± 2.3 
16:1(n-7)  4.7 ± 1.3  3.7 ± 0.8  3.7 ± 1.4  3.0 ± 0.8    4.0 ± 1.2  2.7 ± 0.5  3.5 ± 0.8  2.8 ± 1.0    2.7 ± 0.7  3.5 ± 0.9  3.5 ± 0.9  3.4 ± 0.8 
18:1(n-7)  2.9 ± 0.3  2.6 ± 0.3  2.4 ± 0.4  2.4 ± 0.5    2.9 ± 0.3  2.7 ± 0.3  3.4 ± 0.7  3.0 ± 1.3    3.2 ± 0.3  3.6 ± 0.3  4.1 ± 0.7  4.6 ± 1.0 
18:1(n-9)  9.6 ± 2.0  8.0 ± 0.6  7.1 ± 1.6  6.9 ± 1.3    9.0 ± 1.5  8.1 ± 1.2  7.7 ± 1.8  8.6 ± 2.7    7.6 ± 0.4  8.9 ± 1.1  6.9 ± 0.9  7.2 ± 0.9 
20:1(n-11)  0.3 ± 0.6  0.2 ± 0.5  0.1 ± 0.3  –    0.6 ± 0.6  0.1 ± 0.4  –  0.1 ± 0.3    0.3 ± 0.6  1.1 ± 0.8  0.8 ± 0.6  0.9 ± 0.8 
22:1(n-7)  0.1 ± 0.3  –  –  –    –  –  –  –    0.3 ± 0.6  1.0 ± 0.8  1.2 ± 0.8  0.8 ± 0.9 
24:1(n-11)  0.1 ± 0.4  –  0.5 ± 1.3  –    –  –  –  –    0.1 ± 0.3  0.3 ± 0.7  1.0 ± 1.0  1.1 ± 1.4 
MUFA  18.6 ± 3.3  15.1 ± 2.0  14.0 ± 3.8  12.8 ± 2.3    16.6 ± 3.1  13.7 ± 1.8  14.7 ± 2.0  14.7 ± 3.5    14.5 ± 0.9  18.9 ± 3.1  18.3 ± 3.5  18.4 ± 3.2 
16:2(n-4)  0.3 ± 0.5  –  –  –    –  –  0.6 ± 0.6  –    0.1 ± 0.3  0.5 ± 0.6  1.1 ± 0.5  0.3 ± 0.5 
18:2(n-6)  2.0 ± 0.6  1.7 ± 0.5  1.3 ± 0.4  1.7 ± 0.6    1.6 ± 0.4  2.2 ± 0.7  2.7 ± 1.1  4.5 ± 2.9    0.4 ± 0.6  1.3 ± 0.4  0.9 ± 0.6  2.2 ± 0.9 
18:3(n-3)  0.2 ± 0.5  0.2 ± 0.5  0.2 ± 0.4  –    1.0 ± 0.7  1.6 ± 1.1  1.6 ± 0.7  1.8 ± 0.8    0.2 ± 0.6  0.1 ± 0.4  0.2 ± 0.5  0.8 ± 0.7 
18:4(n-3)  0.1 ± 0.4  0.1 ± 0.4  0.1 ± 0.3  –    1.7 ± 0.7  1.8 ± 1.4  1.0 ± 0.8  1.0 ± 0.8    –  0.1 ± 0.4  0.2 ± 0.5  0.3 ± 0.6 
20:4(n-6)  6.1 ± 1.5  6.7 ± 1.1  6.7 ± 1.9  7.3 ± 01.0    3.9 ± 0.7  4.3 ± 2.8  3.5 ± 1.3  3.6 ± 0.8    7.0 ± 1.4  5.5 ± 0.8  5.5 ± 1.7  6.1 ± 0.9 
20:5(n-3)  9.8 ± 2.7  11.0 ± 1.5  8.6 ± 1.9  9.2 ± 1.5    5.2 ± 0.7  5.5 ± 1.2  6.2 ± 1.1  5.4 ± 2.5    13.4 ± 1.7  13.4 ± 1.1  13.8 ± 3.6  13.4 ± 2.4 
22:5(n-3)  4.6 ± 0.7  4.9 ± 0.8  5.2 ± 0.8  5.2 ± 0.6    4.8 ± 0.6  5.0 ± 0.7  5.8 ± 0.9  4.8 ± 0.9    5.0 ± 0.6  4.7 ± 0.5  5.4 ± 1.1  5.0 ± 1.0 
22:6(n-3)  19.6 ± 2.6  23.0 ± 2.5  26.5 ± 5.9  27.4 ± 3.8    24.9 ± 4.6  28.1 ± 4.0  30.5 ± 4.5  29.8 ± 6.0    17.0 ± 3.5  16.8 ± 3.2  19.0 ± 6.7  16.3 ± 4.3 
PUFA  43.8 ± 5.5  49.1 ± 4.1  48.9 ± 5.9  50.8 ± 4.2    43.3 ± 5.4  49.4 ± 2.8  52.5 ± 2.8  51.0 ± 3.9    43.9 ± 4.1  42.9 ± 3.3  47.1 ± 3.7  45.2 ± 2.3 
Unid.total  3.6 ± 1.3  2.9 ± 0.8  3.5 ± 1.0  3.5 ± 1.0    1.2 ± 0.9  1.6 ± 1.9  1.2 ± 1.2  1.2 ± 0.8    3.9 ± 1.7  2.7 ± 1.7  2.8 ± 1.4  3.2 ± 0.8 
LC [% DW]  2.3 ± 0.9  2.4 ± 0.4  2.1 ± 0.4  1.9 ± 0.5    3.7 ± 1.8  3.9 ± 1.3  4.2 ± 0.6  3.6 ± 0.6    2.2 ± 0.4  2.6 ± 0.3  2.8 ± 0.8  2.6 ± 0.5 
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Table B5.1  Means (± 1 SD) of primary producer and consumer tissue δ
15N and δ
13C stable isotopic composition 
in Wilson Inlet in summer/autumn and winter/spring of 2007. Groups used in figures denoted in 
boldface. sPOM = sedimentary particulate organic material. Sample size n given in parentheses. 
 
  δ
15N (‰)    δ
13C (‰) 
Species / Season  summer/autumn  winter/spring    summer/autumn  winter/spring 
PRIMARY PRODUCERS           
Seston  4.6 ± 0.9 (17)  6.2 ± 0.5 (17)    -18.0 ± 2.8 (17)  -20.1 ± 2.5 (17) 
5-19 μm  5.7; 6.2 (2)  5.9; 6.8 (2)    -18.3; -20.3 (3)  -22.2  ±  0.5 (3) 
20-49 μm  4.3 (2)  6.3; 6.7 (2)    -14.4 ± 0.7 (3)  -20.6; -21.7 (2) 
50-73 μm  4.9; 5.6 (2)  5.6; 6.2 (2)    -18.6 ± 1.2 (3)  -19.3 ± 0.3 (3) 
74-249 μm  3.7; 4.8 (2)  5.1; 6.3 (2)    -18.0 ± 4.2 (3)  -18.5 ± 0.7 (3) 
>250 μm  3.7; 4.1 (2)  5.7; 6.7 (2)    -17.8 ± 2.6 (3)  -17.2 ± 1.2 (3) 
Water  3.1; 4.6 (2)  6.2; 6.7 (2)    -20.5 ± 1.4 (3)  -22.3 ± 3.8 (3) 
Chlorophyta  6.9 ± 2.2 (5)  8.2 ± 1.0 (4)    -16.0 ± 3.3 (5)  -23.8 ± 0.9 (4) 
Ulva sp.  10.3 (1)  7.0; 9.3 (2)    -11.0 (1)  -23.2; -25.1 (2) 
Cladophora sp.  6.0 ± 1.2 (4)  7.8; 8.6 (2)    -17.2 ± 2.1 (4)  -23.4; -23.6 (2) 
Rhodophyta (other)  5.9 ± 1.9 (6)  8.0 ± 0.2 (3)    -20.8 ± 3.3 (6)  -23.4 ± 1.3 (3) 
M. australis  5.3 ± 2.5 (4)  –    -31.7 ± 0.3 (4)  – 
Polysiphonia sp.  -3.8; 6.5 (2)  7.8; 8.2 (2)    -23.7; -24.4 (2)  -22.5; -24.9 (2) 
Chondria sp.  4.0 ± 3.8 (4)  7.9 (1)    -19.1  ±  2.6 (4)  -22.9 (1) 
Heterokontophyta  6.4 ±1.4 (6)  5.4 ± 1.6 (3)     -16.6 ± 1.9 (6)  -17.6 ± 1.1 (3) 
Cystoseira trinodis  4.9; 6.2 (2)  4.2 (1)    -13.1; -18.5 (2)  -17.7 (1) 
Dictyota sp.  3.8 ± 3.9 (3)  4.7; 7.2 (2)    -17.3 ± 0.2 (3)  -16.5; -18.8 (2) 
H. cuneiformes  8.8 (1)  –    -16.1 (1)  – 
Magnoliophyta  6.0 ± 0.4 (3)  5.4 ± 1.1 (6)    -13.3 ± 1.3 (3)  -13.2 ± 0.7 (6) 
R. megacarpa  6.0 ± 0.4 (3)  5.2 ± 1.5 (3)    -13.3 ± 1.3 (3)  -12.6 ± 0.4 (3) 
Ruppia detritus    5.6 ± 0.5 (3)      -13.8 ± 0.1 (3) 
Epiphyte  4.8 ± 1.6 (4)  –    -13.0 ± 5.3 (4)  – 
Angiospermae (other)  5.6 ± 1.7 (7)  –    -28.7 ± 2.2 (7)  – 
Myrtaceae  3.7 ± 3.4 (3)  –    -28.8 ± 1.2 (3)  – 
Poaceae  5.1; 5.9 (2)  –    -12.9; -13.1 (2)  – 
Juncaceae  8.8 (1)  –    -24.7 (1)  – 
Typhaceae  5.0 (1)  –    -27.9 (1)  – 
Cyperaceae  3.8; 4.7 (2)  –    -30.3; -31.4 (2)  – 
Other           
Detritus  5.1 ± 1.9 (3)  4.3; 9.5 (2)    -15.9 ± 2.1 (3)  -16.3; -18.4 (2) 
sPOM  2.5 ± 1.8 (3)  6.2 ± 3.9 (6)    -17.5 ± 0.8 (3)  -21.0 ± 1.8 (6) 
CONSUMERS           
Annelida  7.3 ± 1.5 (19)  7.8 ± 2.2 (12)    -15.5 ± 2.1 (19)  -15.0 ± 1.5 (12) 
Hediste sp.  8.9 ± 1.3 (6)  9.4; 12.0 (2)    -16.5 ± 1.9 (6)  -14.8; -17.1 (2) 
Neanthes sp.  6.6 ± 1.2 (6)  7.5 ± 1.5 (6)    -15.6 ± 2.6 (6)  -15.0 ± 1.4 (6) 
L. normalis  6.5 ± 1.3 (3)  3.9 (1)    -15.6 ± 1.0 (3)  -15.5 (1) 
Boccardiella sp.  7.1 (1)  –    -11.7 (1)  – 
Oligochaeta  6.5 ± 0.9 (3)  7.8 ± 1.9 (3)    -14.3 ± 1.3 (3)  -14.4 ± 2.0 (3) 
Mollusca           
Bivalvia  6.4 ± 1.5 (10)  9.7 ± 0.5 (2)    -15.6 ± 3.1 (10)  -21.8 ± 0.7 (2) 
Irus crenata  5.8 (1)  –    -13.9 (1)  – 
Mytilus edulis  7.9 ± 0.6 (4)  9.4,10.0    -18.3 ± 2.7 (4)  -21.3; -22.3 
Spisula trigonella  6.5 (1)  –    -15.6 (1)  – 
S. biradiata  5.4 ± 1.2 (3)  –    -13.6 ± 2.1 (3)  – 
Gastropoda  7.2 ± 2.4 (9)  8.5 ± 2.1 (6)    -16.3 ± 3.5 (9)  -17.0 ± 2.1 (6) 
H. brazieri  4.7 ± 0.4 (4)  6.1; 6.4 (2)    -14.4 ± 0.6 (4)  -16.2; -17.8 (2) 
N. burchardi  9.0 ± 1.2 (5)  9.6 ± 1.5 (4)    -17.6 ± 4.4 (5)  -16.9  ±  2.6 (4) 
Unid. bivalve  4.4 (1)      -12.5 (1)   
Arthropoda           
Calanoida  8.3 (1)  9.4 ± 1.0 (2)    -21.4 (1)  -23.2  ±  2.0 (2) 
Harpacticoida  –  7.1 (1)    –  -15.2 (1) 
Amphipoda  7.9 ± 3.4 (3)  8.3 ± 1.6 (6)    -14.9 ± 1.4 (3)  -16.6 ± 2.4 (6) 
Ischyroceridae  8.7 (1)  9.3; 10.8 (2)    -14.9 (1)  -13.7; -15.4 (2) 
Melitidae  4.2 (1)  6.2; 6.9 (2)    -13.6 (1)  -14.7; -19.1 (2) 
Unid. amphipod  10.8 (1)  8.0; 8.6    -16.4 (1)  -17.3; -19.6 
Isopoda  12.3 ± 0.3 (5)  10.8 ± 2.7 (11)    -19.8 ± 0.8 (5)  -17.1 ± 2.8 (11) 
Isopod sp. 1  –  8.8 ± 1.7 (6)    –  -15.7 ± 1.5 (6) 
Isopod sp. 2  12.3 ± 0.3 (5)  13.2 ± 0.8 (5)    -19.8 ± 0.8 (5)  -18.8 ± 3.3 (5) 
Pelagic crustaceans  9.9 ± 2.3 (9)  10.8 ± 0.8 (5)    -21.7 ± 1.9 (9)  -20.6 ± 1.5 (5) 
Mysid zoëa  10.8 ± 2.1 (3)      -22.0 ± 2.8 (3)  – 
Gastrosaccine  10.8 ± 0.7 (4)  10.8 ± 0.8 (5)    -22.4 ± 0.7 (4)  -20.6 ± 1.5 (5) 
Brachyuran zoëa  5.4; 7.8 (2)      -19.2; -20.3 (2)  – 
Palaemonetes sp.  7.9 ± 0.4 (5)  9.2 ± 0.9 (8)    -13.2  ± 0.7 (5)  -14.3 ± 1.1 (8) 
Insects  9.1 ± 1.0 (2)  8.8 (1)    -13.8 ± 0.3 (2)  -14.2 (1) 
Insect A  8.4 (1)  8.8 (1)    -14.0 (1)  -14.2 (1) 
Insect B  9.8 (1)  –    -13.6 (1)  – 
Chordata           
Fishlarvae  11.4 ± 1.2 (3)  13.9 ± 1.0 (3)    -20.9 ± 2.2 (3)  -21.0 ± 2.4 (3) 
Marine teleosts  12.4 ± 0.2 (2)  –    -22.2 ± 2.4 (2)  – 
E. australis (larvae)  12.3 (1)  –    -23.9 (1)  – 
Mugil sp. (larvae)  12.6 (1)  –    -20.5 (1)  –  
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Table B5.2  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1% tFA) to the total fatty acid composition of seston size-
fractions and selected primary producers. SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = 
dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected; n.a. = not applicable. Data pooled for summer 
and autumn 2007. 
   
Species/Sample size  Seston size-fractions (μm)    Chlorophytes     
  5-19  20-49  50-73  75-249  250+  water    Ulva sp.  Cladophora sp.  sPOM  Detritus 
Fatty acid  3  3  3  3  3  3    1  2  3  1 
14:0  2.4 ± 0.6  4.8 ± 1.5  3.9 ± 0.8  7.6 ± 4.3  7.6 ± 3.1  3.4 ± 0.7    2.1  11.9  13.7  7.9 ± 2.2  2.8 
15:0  –  –  –  0.3 ± 0.6  –  –    –  –  –  4.2 ± 0.4  – 
16:0  21.1 ± 1.0  26.6 ± 2.9  21.1 ± 3.5    22.8 ± 1.7  21.2  ±  2.2  22.7 ± 5.6    34.4  20.8  25.8  26.4 ± 1.6  24.5 
17:0  –  –  –  –  –  –    –  –  –  1.5 ± 0.3  – 
18:0  8.2 ± 0.8  3.8 ± 0.5  5.8 ± 0.6  4.0 ± 1.9  3.5 ± 2.2  7.6 ± 1.6    1.2  1.2  –  3.0 ± 0.5  15.2 
20:0  –  –  –  –  –  –    –  –  –  0.3 ± 0.6  2.2 
SFA  31.7 ± 1.1  35.2 ± 4.2  30.8 ± 4.2   34.7 ± 1.1  32.3 ± 2.0  33.7 ± 7.4    37.7  36.7 ± 4.0  43.3 ± 2.8  44.6 
14:1(n-5)  –  –  –  –  –  –    –  –  –  2.6 ± 1.1  – 
16:1(n-5)  2.9 ± 0.4  4.6 ± 1.8  5.5 ± 3.0  9.3 ± 5.8  10.8 ± 5.3  2.6 ± 1.1    2.6  14.2  4.5  1.9 ± 0.6  – 
16:1(n-7)  3.0 ± 1.4  3.2 ± 2.8  5.6 ± 3.2   10.1 ± 5.2  5.7 ± 1.3  4.7 ± 1.5    2.6  3.9  4.3  20.3 ± 2.1  4.6 
16:1(n-9)  0.4 ± 0.7  1.1 ± 2.0  –  –  0.4 ± 0.7  –    –  –  –  –  2.4 
18:1(n-7)  6.5 ± 4.5  5.1 ± 0.9  6.4 ± 2.1  7.0 ± 1.8  6.1 ± 0.4  7.6 ± 2.8    9.6  3.8  5.0  9.4 ± 2.2  3.2 
18:1(n-9)  19.3 ± 11.3  5.9 ± 1.5  10.7 ± 5.4  5.6 ± 3.3  7.8 ± 2.3  18.3 ± 13.1    2.7  8.2  19.3  5.2 ± 0.3  12.5 
22:1(n-7)  –  –  1.8 ± 3.1  –  –  2.3 ± 2.8    –  –  –  –  – 
22:1(n-9)  5.5 ± 0.7  1.2 ± 1.0  2.4 ± 2.8  1.0 ± 1.0  2.7 ± 3.0  2.2 ± 3.8    –  –  –  –  – 
22:1(n-11)  –  –  –  –  –  2.1 ± 3.7    –  –  –  –  – 
24:1(n-13)  –  –  3.0 ± 3.0  –  1.2 ± 2.0  –    –  –  –  –  – 
MUFA  38.1 ± 7.6  21.2 ± 3.8  35.4 ± 6.7  33.0 ± 2.8  35.1 ± 4.7  39.7 ± 10.0    17.5  31.6 ± 2.1  39.8 ± 4.2  22.7 
16:2(n-4)  –  –  –  –  –  –      –  1.5  –  – 
18:2(n-6)  4.0  ±  1.3  4.4 ± 0.4  3.2 ± 0.2  2.7 ± < 0.1  3.4 ± 0.1  3.1 ± 0.9    10.4  2.5  8.3  2.8 ± 0.7  15.5 
20:2(n-6)  0.5 ± 0.8  –  0.9 ± 1.5  –  –  1.0 ± 0.8    –  –  –  –  – 
16:3(n-4)  –  –  –  –  –  –    –  –  –  2.7 ± 0.2  – 
18:3(n-3)  0.6 ± 1.0  0.4 ± 0.7  1.0 ± 0.9  1.9 ± 0.2  2.8 ± 0.7  0.9 ± 0.8    14.0  2.2  8.0  1.8 ± 0.7  3.3 
18:3(n-6)  1.8 ± 0.5  0.9 ± 0.8  1.6 ± 0.3  1.7 ± 0.3  1.8 ± 0.2  0.4 ± 0.8    1.9  1.9  –  –  – 
20:3(n-6)  –  –  –  –  –  –    –  1.1  –  –  – 
18:4(n-3)  3.5 ± 0.7  6.9 ± 1.2  4.2 ± 0.6  4.8 ± 0.9  5.8 ± 1.4  2.8 ± 1.2    5.7  8.6  1.9  0.9 ± 0.8  – 
20:4(n-3)  1.3 ± 1.1  –  0.7 ± 1.2  –  –  0.5 ± 0.9    –  –  –  –  – 
20:4(n-6)  0.4 ± 0.7  1.0 ± 0.9  2.0 ± 0.6  2.7 ± 0.1  2.4 ± 0.6  0.5 ± 0.8    1.8  5.5  1.6  2.3 ± 1.6  2.4 
18:5(n-3); 20:1(n-9)  4.0 ± 1.4  14.2 ± 4.5  1.7 ± 1.9  0.9 ± 1.5  0.8 ± 1.3  2.0 ± 0.3    –  –  –  0.5 ± 1.0  – 
20:5(n-3)  2.7 ± 2.4  4.0 ± 4.1  8.8 ± 4.0  11.8 ± 2.9  12.3 ± 4.0  4.8 ± 2.5    5.2  10.6  4.7  3.2 ± 3.1  3.0 
22:5(n-3)  0.8 ± 0.7  –  0.5 ± 0.9  0.4 ± 0.7  0.5 ± 0.8  1.4 ± 1.4    2.1  –  1.4  1.0 ± 0.9  3.2 
22:6(n-3)  4.1 ± 0.1  11.5 ± 5.6  4.1 ± 1.5  4.6 ± 3.4  –  2.8 ± 2.2    –  –  –  0.6 ± 1.0  – 
PUFA  24.4 ± 2.6  43.3 ± 6.2  28.7 ± 3.2  31.4 ± 2.4  29.8 ± 3.1  21.0 ± 9.2    41.1  29.9 ± 3.6  16.2 ± 6.0  27.4 
Unid. total  5.8 ± 4.1   0.3 ± 0.6  5.0 ± 0.8  1.0 ± 0.9  2.7 ± 1.3  5.6 ± 2.1    3.6  3.6  –  0.7 ± 0.6  5.3 
LC [% DW]  n.a.  n.a.  n.a.  n.a.  n.a.  n.a.    0.9  0.7 ± 1.0  0.4 ± 0.3  0.4 
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Table B5.3  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1 % tFA) to the total fatty acid composition of selected 
primary producers and consumers. SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = dry 
weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for summer and autumn 2007.  
 
    Primary Producers    Consumers 
Species/   Rhodophyta  Heterokontophyta  Magnoliophyta    Chordata    Insecta 
Sample size  M. australis  Polysiph
onia sp. 
Chondria 
sp. 
Dictyota 
sp.  Cystoseira  Ruppia 
megacarpa  Ruppia epiphyte    Fishlarvae    Insect A  Insect B 
Fatty acid  2  1  3  1  1  4  2    2    1  1 
14:0  3.3  8.2  6.6  6.1 ± 2.5  6.4  4.9  2.8 ± 2.6  10.5  9.1    1.1  –    5.3  3.7 
15:0  1.0  1.6  –  –  –  –  –  –  –    –  –    –  – 
16:0  54.8  39.5  34.6  30.0 ± 1.2  17.2  33.8  20.6 ± 4.6  21.2  31.2    25.8  20.6    20.5  22.5 
17:0  –  –  –  –  –  –  –  –  –    1.4  1.3    –  – 
18:0  2.1  1.6  –  0.5 ± 0.9  –  –  3.1 ± 0.8  1.6  1.8    11.5  12.6    2.2  3.1 
SFA  56.0 ± 7.3  41.1  36.5 ± 2.6  23.5  38.7  27.2 ± 7.4  37.8 ± 6.3    37.3 ± 3.8    28.1  29.4 
14:1(n-5)  –  2.4  –  –  –  –  –  –  –    –  –    –  – 
16:1(n-5)  8.7  5.2  –  5.4 ± 5.2  4.2  –  2.0 ± 3.9  15.6  –    –  –    –  – 
16:1(n-7)  –  18.8  4.2  12.4 ± 4.9  4.7  8.6  4.4 ± 5.3  11.3  10.7    2.6  1.2    37.1  30.4 
17:1  –  –  –  –  –  –  2.3 ± 3.4  –  –          –  – 
18:1(n-7)  2.9  –  1.6  2.5 ± 2.6  1.4  –  2.2. ± 1.1  7.6  2.4    3.0  2.9    2.7  3.4 
18:1(n-9)  6.8  4.4  5.8  7.4 ± 4.1  14.3  13.7  4.2 ± 0.5  2.9  13.6    10.4  11.5    10.4  13.4 
20:1(n-11)  –  –  –  –  –  –  0.3 ± 0.6  –  –    –  –    –  – 
MUFA  25.3 ± 7.8  11.6  27.7 ± 4.2  24.5  22.3  15.4 ± 9.4  32.1 ± 7.7    15.7 ± 0.3    50.2  47.2 
16:2(n-4)  –  –  –  –  1.1  –  –  –  –    –  –    2.1  1.6 
18:2(n-4)  4.7  –  –  –  –  –  0.5 ± 0.9  –  1.7    –  –    –  – 
18:2(n-6)  3.0  1.9  2.8  3.7 ± 0.4  2.1  4.3  15.4 ± 8.2  2.5  2.0    –  1.3    3.2  4.2 
20:2(n-6)  1.6  –  –  –  –  –  0.7 ± 1.4  –  –    –  –    –  – 
16:3(n-4)  –  –  –  –  –  –  –  –  –    –  –    –  1.2 
18:3(n-3)  1.1  –  –  4.1 ± 2.6  2.5  7.0  25.1 ± 18.4  2.1  1.6    –  –    2.5  3.0 
18:3(n-6)  –  1.4  –  0.6 ± 1.0  1.3  –  0.4 ± 0.7  1.2  1.8    –  –    –  – 
20:3(n-6)  –  –  –  0.6 ± 1.0  2.2  1.8  –  –  –    –  –    –  – 
18:4(n-3)  –  1.6  –  3.4 ± 1.1  16.3  7.1  1.5 ± 1.8  4.9  12.0    –  –    –  – 
20:4(n-3)  –  –  –  –  2.2  –  –  –  –    –  –    –  – 
20:4(n-6)  –  1.9  2.9  6.2 ± 5.7  12.5  16.6  0.5 ± 1.0  1.8  2.0    6.3  8.1    1.2  2.0 
20:5(n-3)  3.5  5.9  41.6  12.4 ± 0.9  7.8  –  3.1 ± 4.3  10.6  5.2    3.1  3.7    12.8  11.5 
22:5(n-3)  –  –  –  –  –  –  2.9 ± 2.1  –  –    4.1  4.1    –  – 
22:6(n-3)  –  1.0  –  –  –  –  2.7 ± 2.3  1.4  3.4    29.7  27.2    –  – 
PUFA  13.8 ± 0.1  47.3  30.9 ± 6.0  48.0  36.8  52.6 ± 14.2  27.2 ± 3.7    43.8 ± 0.9    21.7  23.4 
Unid. total    4.9 ± 0.3  –    4.8 ± 5.7  3.9  2.2  4.8 ± 3.3    3.0 ± 2.4      3.3 ± 3.2    –  – 
LC [% DW]    0.6 ± 0.2  1.2    0.5 ± 0.3  0.6  0.4  0.5 ± 0.1    0.5 ± 0.3    10.8 ± 1.9    15.2  11.6 
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Table B5.4  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1 % tFA) to the total fatty acid composition of seston size-
fractions and selected primary producers. SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = 
dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for winter and spring 2007. 
 
Species/   Seston size-fractions (μm)    Chlorophytes     
Sample size  5-19  20-49  50-73  75-249  250+  water    Ulva sp.  Cladophora sp.  sPOM  Detritus 
Fatty acid  3  3  3  3  3  3    1  2  3  3 
14:0  1.8 ± 0.3  3.0 ± 1.6   2.6 ± 0.8   3.0 ± 0.7   2.3 ± 0.4  1.9 ± 1.6     4.5  4.9  4.2  3.0 ± 2.0  –  – 
15:0  0.4 ± 0.7   0.8 ± 0.7   1.6 ± 0.5   2.0 ± 0.6   0.8 ± 0.7   0.5 ± 0.8     –  –  –  0.8 ± 0.9   –  – 
16:0  33.7 ± 1.2   32.2 ± 1.5   28.3 ± 2.1   27.1 ± 2.2  27.0 ± 1.0   25.9 ± 10.2     32.9  27.3  25.9  25.0 ± 3.5   34.4  9.9 
17:0  –  0.4 ± 0.6  0.4 ± 0.7  0.8 ± 0.7  –  –    –  –  –  2.1 ± 5.1  –  – 
18:0  21.2 ± 4.2   12.0 ± 2.6   8.8 ± 1.3   5.4 ± 1.9   12.2 ± 3.0   11.4 ± 3.3    1.3  1.3  1.7  5.8 ± 2.6   8.9  3.7 
20:0  –  0.4 ± 0.7  –  0.8 ± 0.7     1.4 ± 0.2  –    –  –  –  –  –  – 
SFA  57.1 ± 5.0   48.7 ± 2.0   41.7 ± 4.6   39.2 ± 5.2   43.7 ± 3.6  39.6 ± 15.5     38.7  32.7 ± 1.2  36.6 ± 2.7  28.5 ± 20.9 
14:1(n-5)  0.4 ± 0.7  1.6 ± 0.8  1.4 ± 0.3  1.6 ± 0.3    1.2 ± 1.0  0.5 ± 0.9    –  –  –  0.7 ± 1.1  –  – 
16:1(n-5)  –  –  –  1.1 ± 1.0   –  –    –  –  –  0.2 ± 0.4   –  – 
16:1(n-7)  7.8 ± 2.6   19.4 ± 5.6   18.7 ± 3.2   22.3 ± 3.9   9.8 ± 1.3   10.2 ± 4.2     6.4  7.8  11.2  14.6 ± 4.8   7.1  – 
16:1(n-9)  –  –  –  –  –  –    1.7  1.4  –  0.2 ± 0.6  –  3.2 
18:1(n-7)  5.1 ± 1.9   9.2 ± 1.5  8.9 ± 1.1  9.1 ± 1.1  5.7 ± 1.3   5.5 ± 2.3    7.3  6.1  2.9  6.0 ± 3.6   8.1  4.2 
18:1(n-9)  6.4 ± 0.8   6.5 ± 0.8   7.3 ± 1.7   5.0 ± 0.5   4.7 ± 0.4   5.3 ± 1.6     11.3  11.3  4.7  8.4 ± 4.6   10.8  4.1 
20:1(n-7)  –  –  –  –  –  –    –  –  –  1.5 ± 3.6   –  – 
24:1(n-11)  –  –  –  –  –  –    –  1.4  –  0.2 ± 0.5   –  – 
24:1(n-13)  –  –  –  0.4 ± 0.6   –  –    1.2  –  –  –  –  – 
MUFA  19.8 ± 4.0   36.8 ± 7.1   36.7 ± 1.2   39.6 ± 5.1   21.3 ± 3.3   21.5 ± 8.5     27.9  23.4 ± 6.5  32.0 ± 7.5   18.8 ± 10.3 
16:2(n-4)  0.5 ± 0.9  –   0.5 ± 0.8  0.7 ± 0.6  –  –    –  1.5  –  0.2 ± 0.6  –  – 
18:2(n-6)  4.2 ± 0.5   3.0 ± 0.4  3.4 ± 1.0   2.6 ± 0.1   4.8 ± 0.3  4.5 ± 1.7    8.0  7.9  2.8  4.8 ± 3.1  –  8.1 
20:2(n-6)  0.5 ± 0.8   –  0.4 ± 0.7   0.5 ± 0.8   1.6 ± 1.4   2.3 ± 4.0     –  –  –  1.0 ± 1.5   –  – 
16:3(n-4)  –   –  1.2 ± 1.0   1.9 ± 1.7   –  –    –  –  1.0  –  –  – 
18:3(n-3)  3.6 ± 0.7   1.6 ± 1.4   2.1 ± 0.2   2.0 ± 0.4   2.7 ± 0.4   2.7 ± 2.4     10.3  8.7  2.0  1.6 ± 1.3   –  3.8 
18:3(n-6)  –  –  –  –  –  1.4 ± 2.4     –  –  –  0.5 ± 0.7   –  – 
20:3(n-6)  –  –  –  –  –  –    –  –  –  1.1 ± 1.8   –  – 
16:4(n-1)  –  –  –  –  –  3.8 ± 6.6     –  –  1.1  –  –  – 
18:4(n-3)  3.5 ± 1.0   1.4 ± 1.2   1.7 ± 0.7   1.3 ± 1.2   2.0 ± 0.6   6.2 ± 4.4     1.2  –  1.6  2.7 ± 3.6   –  – 
20:4(n-3)  –  –  –  –  1.0 ± 0.9   1.9 ± 2.4     –  –  –  0.2 ± 0.5   –  – 
20:4(n-6)  0.6 ± 1.1  0.8 ± 0.7   1.9 ± 0.6   1.8 ± 0.3   1.2 ± < 0.1   0.4 ± 0.6     1.5  2.0  2.4  1.7 ± 1.1   –  – 
20:5(n-3)  3.5 ± 0.6   4.7 ± 0.6   4.4 ± 0.4   4.2 ± 0.6  5.3 ± 0.7  3.0 ± 2.6     4.8  10.6  34.6  5.5 ± 4.4  7.9  2.9 
22:5(n-3)  1.8 ± 0.6   1.8 ± 1.6   3.0 ± 0.4   3.4 ± 1.1   8.3 ± 2.2   1.7 ± 1.4     2.8  2.0  –  1.7 ± 2.5   6.2  41.8 
22:6(n-3)  1.0 ± 0.9   0.5 ± 0.8   0.5 ± 0.8   0.5 ± 0.8   2.4 ± 0.6   3.5 ± 2.5     –  –  –  3.6 ± 4.8  6.5  – 
PUFA  20.4 ± 3.7   13.7 ± 5.1   19.0 ± 3.5   18.9 ± 4.5   29.7 ± 2.7   28.0 ± 10.4     28.6  38.6 ± 8.3  26.0 ± 9.8   38.6 ± 25.5 
Unid. total  2.7 ± 2.6  0.8 ± 1.4  2.6 ± 1.5  2.4 ± 2.0  5.3 ± 2.1  7.1 ± 6.8    4.8  4.9 ± 1.4  5.4 ± 6.2  10.0  4.1 
LC [% DW]   n.a.  n.a.   n.a.   n.a.   n.a.   n.a.     0.8  0.7 ± 0.2  < 0.1 ± < 0.1  0.1  ±  0.1 
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Table B5.5  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1 % tFA) to the total fatty acid composition of selected 
primary producers and consumers. SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = dry 
weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for winter and spring 2007. 
 
    Primary Producers    Consumers 
Species/     Rhodophyta  Heterokontophyta  Magnoliophyta    Crustacea  Insecta  Chordata 
Sample size    Polysiphonia 
sp. 
Chondria 
sp. 
Dictyota 
sp. 
Cysto-
seira  Ruppia  Ruppia 
detritus 
  Gastrosac-
cine  P. australis  Insect  Fishlarvae 
Fatty acid    2  1  3  1  3  3    5  5  1  4 
14:0    6.5  4.7  4.0  5.7 ± 1.3  2.3  –  2.7 ± 0.7    1.6 ± 0.9  4.9 ± 3.5  4.5  – 
16:0    33.2  24.4  27.3  19.7 ± 0.8  29.7  20.9 ± 2.5  26.8 ± 5.4    27.5 ± 6.4  20.3 ± 0.7  20.0  23.4 ± 1.4 
17:0    –  –  –  –  –  –      1.3 ± 0.8  0.7 ± 0.6  –  1.3 ± 0.1 
18:0    –  2.4  2.3  1.4 ± 0.2  –  2.7 ± 0.3  3.6 ± 1.9    4.5 ± 2.7  5.9 ± 1.0  2.6  11.8 ± 0.2 
20:0    –  –  –   –  –  1.8 ± 1.7  1.6 ± 1.5           
SFA    35.6 ± 5.8  33.5  26.9 ± 1.9  32.1  25.4 ± 1.0  34.8 ± 3.4    35.0 ± 2.8  32.2 ± 2.4  27.1  36.5 ± 1.3 
16:1(n-5)    –  –  –  3.8 ± 0.2  –  –  0.6 ± 1.1    –  –  –  – 
16:1(n-7)    10.2  19.7  20.3  7.8 ± 0.8  6.8  0.4 ± 0.7  16.1 ± 15.6    5.6 ± 2.3  12.9 ± 2.9  31.9  2.7 ± 0.2 
17:1    –  –  –  –  –  –  1.1 ± 1.1    –  –  –  – 
18:1(n-7)    1.3  2.8  3.4  1.5 ± 0.4  1.1  1.1 ± 0.9  4.5 ± 1.9    3.7 ± 2.2  8.8 ± 0.9  2.4  – 
18:1(n-9)    4.4  4.6  7.0  13.9 ± 1.4  16.6  3.4 ± 0.5  6.1 ± 0.7    5.7 ± 1.1  10.7 ± 1.3  14.6  3.8 ± 0.1 
20:1(n-7)    –  –  –  –  –  –  –    –  –  –  10.5 ± 0.5 
20:1(n-11)    –  –  –  –  1.8  –  –    –  –  –  – 
22:1(n-11)    –  –  –  –  1.6  –  –    –  –  –  – 
MUFA    21.6 ± 8.0  30.7  27.0 ± 0.5  28.0  5.4 ± 2.6  30.0 ± 12.0    15.1 ± 2.3  32.4 ± 2.8  48.9  17.2 ± 0.8 
16:2(n-4)    –  –  –  –  –  –  1.6 ± 1.8    –  –  –  – 
18:2(n-6)    2.3  2.4  4.3  2.5 ± 0.6  3.6  27.1 ± 4.8  6.2 ± 2.1    2.4 ± 1.6  3.1 ± 0.7  4.3  0.8 ± 0.5 
18:3(n-3)    –  1.3  1.6  4.3 ± 0.4  5.8  31.1 ± 4.0  8.6 ± 8.3    2.4 ± 1.0  1.9 ± 1.6  5.1  – 
20:3(n-6)    –    –  0.4 ± 0.6  2.4  –  –    –  –  –  – 
16:4(n-1)    –  1.4  –  –  –  –  –    –  –  –  – 
18:4(n-3)    1.4  2.3  2.2  13.1 ± 1.5  2.7  –  0.7 ± 1.2    1.1 ± 1.2  0.9 ± 0.6  1.4  – 
20:4(n-3)    –  –  –  1.8 ± 0.1  1.7  –  –    –  –  –  – 
20:4(n-6)    1.7  2.2  2.4  7.5 ± 0.8  16.7  –  0.6 ± 1.0    1.9 ± 0.5  3.5 ± 0.3  2.3  6.4 
20:5(n-3)    39.0  27.5  10.0  11.5 ± 1.3  5.2  0.9 ± 0.8  4.8 ± 1.7     ±   17.1 ± 2.5  10.9  3.7 ± 0.7 
22:5(n-3)    –  –  2.5  0.8 ± 0.7  –  3.9 ± 0.3  4.4 ± 1.8    23.1 ± 9.4  1.0 ± 0.6  –  3.9 ± 0.4 
22:6(n-3)    –  1.1  –  0.4 ± 0.7  –  –  0.6 ± 1.0    1.6 ± 0.9  7.3 ± 1.7  –  30.2 ± 1.0 
PUFA    40.6 ± 5.3  23.1  42.2 ± 1.3  38.0  63.2 ± 1.5  28.0 ± 8.8    49.7 ± 1.0  35.4 ± 4.3  24.0  45.1 ± 1.0 
Unid. total    1.5 ± 2.2  12.7  3.9 ± 1.2  1.9  6.1 ± 3.1  7.2 ± 5.1    0.2 ± 0.5  –  –  1.1 ± 0.1 
LC [% DW]    1.6 ± 1.4  0.2  1.0 ± 0.2  0.4  0.7 ± 0.3  0.7 ± 0.2    8.0 ± 5.4  5.9 ± 0.8  8.1  12.2 ± 3.7 
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Table B5.6  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1% tFA) to the total fatty acid composition of invertebrates. 
SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = dry weight; Unid. peaks = unidentified 
peaks in the chromatogram; LC = lipid content; – = not detected. Data pooled for summer and autumn 2007. 
 
Species/ 
sample size 
Annelida    Mollusca  Crustacea 
Hediste sp.  Neanthes 
sp.    Mytilus 
edulis  S. biradiata  H. 
brazieri  N. burchardi    Meliti-
dae  Isopod sp. 2  Mysis 
zoëa 
Gastrosac-
cine  P. australis 
Fatty acid  5  4    2  2  1  2    1  6  1  2  3 
14:0  –  0.8 ± 0.9    1.3  –  –  1.0  2.5  1.0      –  7.0 ± 1.8  2.6  3.6  2.5  3.5 ± 0.9 
15:0  –  0.7 ± 0.8      –  1.4  –  2.1  –  –  –    –  –    1.1    1.1  – 
16:0  16.9 ± 4.2    15.2 ± 4.1      22.9  21.6  21.6  14.9  21.0  15.6  11.8    16.4  26.0 ± 2.5    24.3  25.8  24.2  20.7 ± 1.1   
17:0  2.3 ± 0.4  3.1 ± 1.2    1.5  1.3  1.7  3.5  –  1.4  1.2    1.1  –  1.3  1.3  1.9  0.4 ± 0.6 
18:0  7.1 ± 1.1    8.2 ± 2.1      5.9  4.0  10.3  10.3  7.7  11.8  11.4    9.1  5.5 ± 1.1  8.3  6.7  6.8  8.7 ± 0.2   
SFA  26.2 ± 2.9    27.9 ± 1.0      30.0 ± 2.4  32.8 ± 1.2  31.2  27.1 ± 3.9    26.6  38.5 ± 3.2  37.8  37.0 ± 0.6  33.2 ± 1.7   
16:1(n-5)  0.5 ± 0.6  1.2 ± 1.5    -  1.4  2.0  –  4.0  –  –    –  –    –  –  –  1.8 ± 1.7  
16:1(n-7)  1.4 ± 1.0    1.7 ± 0.4      2.4  4.6  2.3  4.1  4.1  –  –    2.0  2.9 ± 0.4  6.1  5.5  2.7  5.8 ± 0.8  
16:1(n-9)  –  –    –  1.2  1.6  –  –  –  –    –  –  –  –  –  – 
18:1(n-5)  0.2 ± 0.6    –    –  –  –  –  1.2  –  –    –  –  –  –  –  2.2 ± 0.7 
18:1(n-7)  5.8 ± 1.6    5.8 ± 2.5      3.2  4.4  5.3  4.7  4.8  1.6  1.3    5.9  2.9 ± 0.9    6.5  3.4  3.4  8.3 ± 0.4   
18:1(n-9)  2.1 ± 0.3    1.8 ± 0.2      3.1  1.5  3.3  2.9  2.8  6.6  5.9    11.5  15.5 ± 0.8    10.7  8.7  8.1  9.5 ± 1.1 
20:1(n-7)  –    –      1.7  1.2  1.4  1.7  4.1  –  –    –  –  –  –  –  –   
20:1(n-11)  1.8 ± 0.4    1.8 ± 0.2      2.0  2.6  –  1.9  7.4  3.0  2.4    –  –  –  –  –  – 
MUFA  11.8 ± 3.6    12.4 ± 3.7      14.7 ± 3.2  15.6 ± 0.5  28.4  10.4 ± 1.1    19.4  21.3 ± 1.0  23.3  15.9 ± 2.5    27.7 ± 1.0   
18:2(n-6)  2.1 ± 0.6  1.2 ± 0.1     2.0  1.6  1.2  1.1  2.2  1.6  2.5    3.0  0.2 ± 0.4  2.9  1.1  1.6  2.7 ± 0.4 
20:2(n-6)  1.9 ± 0.3    1.2 ± 0.9     –  –  –  1.8  2.5  1.7  2.4    –  –  –  –  –  – 
18:3(n-3)  0.5 ± 0.6    0.3 ± 0.5      2.8  2.0  –  2.1  1.3  –  –    –  –  2.2  –  2.5  0.8 ± 0.7   
20:3(n-3)  1.3 ± 0.2    –    –  –  –  –  –  –  –    –  –  –  –    – 
18:4(n-3)  –  0.3 ± 0.5      3.9  1.2  1.8  –  1.7  1.6  1.0    1.5  –  –  –  3.0  1.5 ± 0.7   
20:4(n-6)  2.2 ± 0.5    3.3 ± 1.1      4.6  10.5  5.8  4.8  9.8  11.2  14.8    11.5  3.1 ± 0.5    6.8  3.8  2.0  5.4 ± 0.4   
18:5(n-
3);20:1(n-9)  1.6 ± 0.2    1.4 ± 0.9      1.8  3.2  1.7  1.2  –  1.5  2.0    1.2  0.2 ± 0.4    –  –  –  – 
20:5(n-3)  28.0 ± 5.4    22.8 ± 3.8      9.1  11.7  11.6  7.3  14.2  7.1  7.6    19.6  14.5 ± 2.4    17.1  20.8  18.4  19.1 ± 0.5 
22:5(n-3)  8.3 ± 1.1  6.0 ± 0.8    1.3  1.6  3.6  4.1  3.1  9.1  11.8      2.6 ± 0.3  1.4  1.3  1.9  0.5 ± 0.8 
22:6(n-3)  –  –    11.7  8.6  12.3  11.3  2.7  5.2  6.0    13.8  19.4 ± 1.2    7.1  18.1  19.8  8.7 ± 0.4   
PUFA  46.3 ± 6.6    36.4 ± 2.9      38.8 ± 2.2  35.8 ± 3.0  37.5  43.6 ± 6.4    50.7  40.0 ± 2.5  37.5  47.1 ± 3.1    38.7 ± 0.8   
Unid. total  15.7 ± 2.1    23.3 ± 3.2      16.5 ± 3.0  15.8 ± 4.6  2.9  18.9 ± 1.3    3.3  0.2 ± 0.5  1.4  –  0.4 ± 0.7 
LC [% DW]  4.2 ± 1.1    3.4 ± 0.5      3.7 ± 0.7  3.4 ± 0.1  4.4  1.5 ± 0.1    1.3  6.5 ± 2.7  6.6  5.5 ± 1.1  3.2 ± 1.0 
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Table B5.7   Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 SD,   1% tFA) to the total fatty acid composition of invertebrates. SFA = saturated fatty acid; 
MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; DW = dry weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – = not 
detected; Harp. = Harpacticoid copepod; Isch. = Amphipoda: Ischyroceridae; Melit. = Amphipoda: Melitidae. Data pooled for winter and spring 2007. 
 
Species/ 
sample size 
Annelida    Mollusca  Crustacea 
Oligochaete  Hediste sp.  Neanthes sp.  L. normalis    M. edulis  H. brazieri  N. burchardi    Calanoida  Harp  Isch.  Melit.  Isopod sp. 1  Isopod sp. 2 
Fatty acid  3  2  6  2    2  2  4    5  1  1  1  6  4 
14:0  4.1 ± 1.3  1.2  –  0.2 ± 0.5  –  1.7    –  –  2.2  1.8  1.0 ± 0.8    2.2 ± 1.7  –  5.3  –  3.4 ± 1.5  3.8 ± 0.9 
15:0  1.4 ± 0.1  –  –  0.7 ± 0.7  –  1.2    –  –  –  –  –    0.7 ± 1.1  –  –  –  –  – 
16:0  11.8 ± 1.1  28.3  14.2  15.3 ± 4.5  8.2  15.1    24.3  21.6  20.3  18.0  15.4 ± 1.8    29.0 ± 8.8  16.0  26.4  16.8  21.2 ± 2.8  22.2 ± 1.8 
17:0  1.2 ± 0.1  1.7  2.2  3.2 ± 0.9  2.0  2.1      1.4  –  –  0.9 ± 0.6    0.8 ± 0.8  –  –  1.2  –  0.3 ± 0.7 
18:0  5.0 ± 0.5  4.7  7.2  7.4 ± 1.9  6.4  5.6    3.9  4.2  6.4  6.3  8.9 ± 0.9    8.1 ± 0.9  5.6  1.7  6.8  4.5 ± 1.6  4.9 ± 0.5 
SFA  23.4 ± 2.2  29.8 ± 8.7  26.9 ± 3.3  21.1 ± 6.5    27.7 ± 0.7  27.5 ± 2.0  26.2 ± 2.8    40.8 ± 10.1  21.6  33.4  24.8  29.1 ± 2.8  31.2 ± 2.2 
14:1(n-5)  –  –  –  –  –  2.4    –  –  –  –  0.5 ± 1.1    –  –  –  –  –  ± 
16:1(n-5)  1.2 ± 1.1  –  –  –  –  –    –  –  –  1.6  0.3 ± 0.6    –  –  –  –  –  0.8 ± 1.0 
16:1(n-7)  2.9 ± 0.5  3.2  1.3  4.1 ± 3.3  7.3  15.1    3.9  1.9  7.5  7.7  4.1 ± 1.0    6.5 ± 2.2  10.1  17.8  5.0  16.0 ± 5.3  2.9 ± 0.3 
16:1(n-9)  –  –  –  –  –  –    1.3  2.1  –  –  –    –  –  –  –  –  – 
18:1(n-7)  8.0 ± 1.0  9.2  6.2  8.7 ± 5.1  8.5  11.4    2.5  1.8  4.1  4.0  3.4 ± 0.9    3.6 ± 2.2  2.6  6.7  5.6  7.1 ± 2.5  4.7 ± 1.6 
18:1(n-9)  2.6 ± 0.4  1.6  2.1  1.6 ± 0.3  3.2  3.2    1.5  –  4.7  4.1  6.2 ± 1.7    5.9 ± 1.0  3.8  18.7  10.9  10.8 ± 1.2  13.8 ± 0.5 
20:1(n-7)  2.4 ± 0.3  –  –  –  –  –    –  –  3.2  3.3  1.3 ± 0.3    –  –  1.2  –  –  – 
20:1(n-11)  3.8 ± 3.3  3.8  1.6  1.3 ± 0.6  3.7  3.0    2.0  2.5  6.5  7.0  2.8 ± 0.6    –  –  –  –  –  – 
22:1(n-11)  –  –  –  –  –  1.1    –  –  –  –  –    –  –  –  –  –  – 
24:1(n-11)  –  –  –  –  –  –    –  –  –  1.5  –    1.3 ± 3.0  –  –  –  –  – 
24:1(n-13)  –  –  –  –  –  –    –  –  –  –  –    2.2 ± 2.1  5.3  –  –  –  – 
MUFA  21.0 ± 2.2  14.5 ± 4.7  15.6 ± 7.7  29.4 ± 9.5    9.7 ± 2.0  27.6 ± 2.2  18.6 ± 4.5    19.8 ± 5.2  21.8  44.4  21.5  33.9 ± 3.3  22.2 ± 3.1 
16:2(n-4)  1.0 ± 0.9  –  –  –  1.4  1.1      1.2    1.3  ±    0.3 ± 0.6        0.7 ± 0.7  ± 
18:2(n-6)  2.5 ± 0.2  1.0  2.1  1.0 ± 0.5  2.3  2.8    1.6  1.2  2.7  2.6  3.0 ± 1.6    2.8 ± 3.0  3.0  6.3  3.1  3.7 ± 1.2  0.3 ± 0.6 
20:2(n-6)  1.0 ± 0.8  2.3  1.7  0.9 ± 1.0  –  –        2.5  2.3  2.2 ± 0.1    –  –  –  –  0.7 ± 1.3  – 
16:3(n-4)  –  –  –  –  1.4  –    –  1.2  1.3  –  –    –  –  –  1.0  0.6 ± 0.7  0.3 ± 0.5 
18:3(n-3)  1.9 ± 0.5  –  –  –  –  2.1    2.8  1.3  1.6  1.3  1.3 ± 0.4    2.3 ± 1.7  –  4.1  1.3  2.7 ± 0.9  – 
20:3(n-3)  –  –  1.4  –  –  –    –  –  –  –  –    –  –  –  –  0.2 ± 0.5  – 
20:3(n-6)  1.3 ± 0.2  –  –  –  –  –    –  –  –  –  –    0.9 ± 2.0  1.9  –  –  –  – 
16:4(n-1)  –  –  –  –  –  –    –  –  –  –  –    2.5 ± 5.6  –  –  –  –  – 
18:4(n-3)  0.7 ± 1.1  –  –  –  –  –    2.2  –  1.3  1.3  1.2 ± 0.9    3.8 ± 5.4  –  –  1.6  2.6 ± 1.5  – 
20:4(n-3)  1.8 ± 0.2  –  –  –  –      –  –  –  –  –    –  –  –  –  –  – 
20:4(n-6)  4.4 ± 0.9  1.3  1.5  2.2 ± 1.1  4.6  1.7    7.5  9.0  9.5  8.3  8.9 ± 0.5    0.5 ± 1.2  2.1  2.8  6.6  4.6 ± 1.3  3.3 ± 1.5 
18:5(n-3); 
20:1(n-9)  2.1 ± 3.6  1.5  1.5  1.7 ± 1.0  –  –    2.7  3.8  –  –  1.4 ± 0.2    –  –  1.2  –  0.2 ± 0.5  – 
20:5(n-3)  20.6 ± 2.9  17.4  30.0  25.8 ± 5.7  23.8  9.2    12.0  11.2  17.4  18.7  12.2 ± 0.5    7.5 ± 6.0  7.6  6.5  23.3  16.9 ± 5.0  18.4 ± 1.7 
22:5(n-3)  3.6 ± 0.5  7.8  8.8  5.6 ± 1.4  2.9  1.6    1.7  2.0  2.7  2.7  6.4 ± 1.9    1.4 ± 1.5  7.1  –  1.6    2.9 ± 0.5 
22:6(n-3)  1.2 ± 1.1  –  –  –  1.5  –    13.2  14.9  3.0  2.7  4.1 ± 1.2    8.5 ± 8.3  13.0  1.3  10.3  2.9 ± 0.4  21.3 ± 5.3 
PUFA  41.9 ± 2.0  39.2 ± 11.1  37.2 ± 7.6  28.3 ± 13.7    44.8 ± 1.6  41.6 ± 0.6  40.6 ± 4.0    28.9 ± 12.5  34.8  22.2  48.7  36.2 ± 4.8  46.5 ± 0.9 
Unid. total  13.7 ± 2.3  16.5 ± 2.3  20.4 ± 3.7  21.2 ± 2.3    17.8 ± 1.0  3.2 ± 0.4  14.6 ± 2.4    8.0 ± 2.9  21.7  –  5.0  0.8 ± 1.2  – 
LC [% DW]  3.6 ± 0.6  7.2 ± 4.8  3.2 ± 1.1  1.2 ± 0.9    3.5 ± 0.5  3.7 ± 0.1  3.7 ± 0.4    3.1 ± 2.5  0.6  7.9  3.4  2.6 ± 1.2  8.9 ± 2.7 
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Table B5.8  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  1 
SD,   1% tFA) to the total fatty acid composition of Leptatherina wallacei and 
Pseudogobius  olorum  in  muscle  tissue.  SFA  =  saturated  fatty  acids;  MUFA  = 
mono-unsaturated  fatty  acids;  PUFA  =  poly-unsaturated  fatty  acids;  DW  =  dry 
weight; Unid. total = unidentified peaks in the chromatogram; LC = lipid content; – 
= not detected. 
 
Species/ 
Season   Leptatherina wallacei    Pseudogobius olorum 
Sample size  Summer  Autumn  Winter  Spring    Summer  Autumn  Winter  Spring 
Fatty acid  12  8  12  13    12  4  11  13 
14:0  1.9 ± 1.0   3.3 ± 1.3  1.8 ± 1.0  1.2 ± 0.5    1.2 ± 0.7  0.9 ± 0.6  1.3 ± 1.2   0.8 ± 0.9  
16:0  24.2 ± 1.4   24.4 ± 1.4   22.4 ± 2.6   23.4 ± 1.1     19.2 ± 1.5   20.6 ± 1.7   19.7 ± 2.5   20.1 ± 1.6  
17:0  0.4 ± 0.5  1.5 ± 0.3  0.9 ± 0.7  0.4 ± 0.6    1.7 ± 0.3  1.6 ± 0.3  1.4 ± 0.5  1.4 ± 0.2 
18:0  9.0 ± 1.0   8.7 ± 1.0   8.0 ± 0.6   7.8 ± 0.6     12.2 ± 1.1   10.5 ± 0.7   9.9 ± 1.5   10.8 ± 1.0  
SFA  35.4 ± 1.6   37.9 ± 2.4   33.3 ± 2.7   33.0 ± 1.5     34.8 ± 1.9   34.1 ± 1.7   32.4 ± 1.9   33.0 ± 1.8  
16:1(n-7)  3.5 ± 1.5  3.4 ± 1..2  4.3 ± 2.0  3.3 ± 0.7    2.9 ± 0.3  2.6 ± 1.9  4.4 ± 1.5  3.5 ± 1.0 
18:1(n-7)  3.3 ± 1.0   3.5 ± 0.8  5.2 ± 2.2   3.2 ± 0.5     3.5 ± 0.7   5.1 ± 0.8   5.4 ± 1.6   4.7 ± 1.4  
18:1(n-9)  7.7 ± 0.8   7.6 ± 2.0   7.2 ± 2.0   6.3 ± 0.6     8.0 ± 0.7   6.1 ± 1.3   6.9 ± 1.9   6.5 ± 0.7  
24:1(n-11)  0.2 ± 0.5   –  0.1 ± 0.5   1.1 ± 1.9     –  –  0.4 ± 0.8   – 
MUFA  15.6 ± 3.0   15.1 ± 3.1   17.5 ± 5.4   13.9 ± 1.4     14.7 ± 1.5   13.8 ± 2.5   17.9 ± 3.8   16.0 ± 2.6  
18:2(n-6)  1.3 ± 1.8  1.5 ± 0.3  1.4 ± 0.3  0.7 ± 0.6    0.6 ± 0.6  1.5 ± 0.4  0.9 ± 0.8  0.4 ± 0.6 
18:3(n-3)  0.2 ± 0.5   2.6 ± 1.3   1.2 ± 0.7   0.5 ± 0.6     0.1 ± 0.4   1.1 ± 0.9   0.1 ± 0.4  0.2 ± 0.5  
18:4(n-3)  0.1 ± 0.3   3.7 ± 2.1  0.9 ± 1.0   0.6 ± 0.7     0.5 ± 1.2   0.4 ± 0.8   0.5 ± 1.4   0.6 ± 0.2  
20:4(n-3)  –  1.0 ± 0.8  0.1 ± 0.3   –    –  –  –  – 
20:4(n-6)  4.1 ± 0.8   1.9 ± 1.2  3.1 ± 1.2    2.1 ± 0.3    8.2 ± 1.3   7.5 ± 1.9   6.3 ± 1.9   6.1 ± 2.1  
20:5(n-3)  6.7 ± 1.2   7.9 ± 0.7  7.5 ± 1.1   7.1 ± 1.0    13.4 ± 2.4   12.5 ± 1.8   12.0 ± 2.1   13.8 ± 2.6  
22:5(n-3)  5.5 ± 0.8  3.7 ± 1.0    4.9 ± 1.0   4.7 ± 0.6     6.3 ± 1.0  4.6 ± 1.4  5.1 ± 1.2  5.0 ± 1.5 
22:6(n-3)  29.0 ± 3.8   24.1 ± 3.2    27.6 ± 8.2   37.1 ± 3.0     14.9 ± 2.8   19.5 ± 6.3   20.2 ± 5.8  21.2 ± 5.1  
PUFA  46.8 ± 3.4   46.6 ± 2.2   47.1 ± 8.0   52.9 ± 2.0     44.9 ± 2.3   47.1 ± 1.2   45.4 ± 3.5   47.8 ± 2.4  
Unid. total  2.1 ± 1.3  0.6 ± 0.8  2.1 ± 2.3  0.2 ± 0.5    5.5 ± 1.3  5.0 ± 1.9  4.3 ± 1.4  3.3 ± 1.3 
LC [% DW]  3.3 ± 1.5  6.6 ± 3.8  3.9 ± 0.8  3.6 ± 0.6    1.8 ± 0.6   2.8 ± 0.3   2.9 ± 1.3   2.5 ± 0.4 
 
Table B5.9  Lipid content (  1 SD, % DW) and mean percentage contribution of fatty acids (  
1 SD,   1% tFA) to the total fatty acid composition of Acanthopagrus butcheri in 
muscle tissue in each season of 2007. No sample was available for autumn. SFA = 
saturated  fatty  acids;  MUFA  =  mono-unsaturated  fatty  acids;  PUFA  =  poly-
unsaturated fatty acids; DW = dry weight; Unid. total = unidentified peaks in the 
chromatogram; LC = lipid content. 
 
Season/ 
Sample size  Summer  Winter  Spring 
Fatty acid  12  10  13 
14:0  1.7 ± 0.5   1.5 ± 1.2  3.0 ± 1.2 
16:0  25.1 ± 1.3   25.3 ± 3.8   24.7 ± 2.0  
18:0  7.2 ± 2.4   8.2 ± 1.3   7.4 ± 1.3  
SFA  34.3 ± 1.9   35.4 ± 4.5   35.3 ± 2.2  
16:1(n-7)  5.0 ± 1.2  5.6 ± 2.7  8.0 ± 2.7 
18:1(n-7)  2.8 ± 1.0   3.0 ± 0.6   4.7 ± 1.1  
18:1(n-9)  10.6 ± 2.7   10.9 ± 5.3   13.7 ± 5.7  
MUFA  19.6 ± 2.7   20.1 ± 8.1   27.8 ± 8.8  
18:2(n-6)  0.7 ± 0.7  0.9 ± 0.7  1.1 ± 0.8 
20:4(n-6)  7.6 ± 1.6   6.8 ± 1.6   4.6 ± 1.6  
20:5(n-3)  5.9 ± 2.7   6.9 ± 2.4   8.5 ± 2.2  
22:5(n-3)  6.1 ± 0.8   6.1 ± 1.6   5.7 ± 1.3  
22:6(n-3)  19.9 ± 3.0   18.7 ± 6.9   13.3 ± 6.5  
PUFA  40.8 ± 3.7   39.6 ± 10.0   33.8 ± 9.7  
Unid. total  5.2 ± 1.9  4.9 ± 2.7  3.1 ± 1.8 
LC [% DW]  2.2 ± 0.5  2.4 ± 1.1  4.2 ± 2.2  
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Table C6.1  Means (± 1 SD; (sample size n)) of primary producer and consumer tissue δ
15N and δ
13C 
stable  isotopic  composition  in  the  Canning  River  in  winter/spring  of  2007  and  in 
summer/autumn  of  2008. sPOM = sedimentary particulate organic material.* =  no 
sample. Groups used in figures denoted in boldface. 
 
  δ
15N (‰)    δ
13C (‰) 
Season/Species  Summer/autumn  Winter/spring    Summer/autumn  Winter/spring 
Primary producers           
Seston            
size fractions 5-19 μm  5.9±1.3 (3)  6.4 ± 2.1 (3)    -25.3±0.6 (3)  -27.5±2.1 (3) 
20-49 μm  7.6±2.2 (3)  7.2± 1.9 (3)    -23.9±0.5 (3)  -26.4±0.8 (3) 
50-73 μm  6.9±0.7 (3)  3.3±3.7 (3)    -23.6±0.8 (3)  -25.9±0.9 (3) 
74-249 μm  6.8±1.3 (3)  6.4±1.7 (3)    -23.8±0.7 (3)  -25.2±0.7 (3) 
>250 μm  7.3±2.1 (3)  4.8±1.1 (3)    -25.2±1.6 (3)  -25.8±0.1 (3) 
Water  6.5±0.5 (3)  7.7±0.8 (3)    -24.6±1.1 (3)  -27.2±0.8 (3) 
Chlorophyta           
Chaetomorpha sp.  –  9.2 (1)    –  -20.7 (1) 
Cladophora sp.  –  11.1 (1)    –  -23.4 (1) 
Rhodophyta           
Gracilaria sp.  –  10.8; 11.8 (2)    –  -17.7; -20.3 (2) 
Hypnea sp.  9.5; 9.7 (2)  –    -17.6,-23.0 (2)  – 
Heterokontophyta           
Cystoseira trinodis  10.2 (1)  9.3 (1)    -24.5 (1)  -23.5 (1) 
Asperococcus billosus  –  9.5; 10.2 (2)    –  -17.4; -17.7 (2) 
Magnoliophyta/Seagrasses           
Halophila ovalis  7.1; 7.3 (2)  7.6 (1)    -12.8,-13.0 (2)  -12.0 (1) 
Angiospermae           
Myrtaceae  3.7; 6.9 (2)  –    -27.9;-28.6 (2)  – 
Juncaceae  7.4 (1)  –    -29.9 (1)  – 
Casuarinaceae  0.5; 2.1 (2)  –    -28.0,-28.4 (2)  – 
Polygonaceae  4.0 (1)  –    -30.1 (1)  – 
Other           
Cyanobacteria  6.6 (1)  8.5 (1)    -18.1 (1)  -17.0 (1) 
Detritus  7.5±1.3 (3)  3.3±2.5 (3)    -26.9±2.4 (3)  -26.2±1.0 (3) 
sPOM  8.9±1.7 (3)  8.9±1.4 (6)    -22.7±0.4 (3)  -24.4±1.3 (6) 
CONSUMERS           
Annelida           
Ceratonereis sp.  12.5±0.9 (3)  11.9±1.0 (3)    -20.3±2.6 (3)  -19.2±2.0 (3) 
Australonereis ehlersi  –  10.0 (1)    –  -25.1 (1) 
Leitoscoloplos normalis  11.6±0.8 (3)  11.4±0.4 (3)    -19.0±1.8 (3)  -18.3±0.8 (3) 
Marphysa sanguinea  –  14.5 (1)    –  -19.3 (1) 
Oligochaeta  –  11.8-12.0 (2)    –  -18.4 ;-20.9 (2) 
Mollusca           
Bivalvia           
Mytilus edulis  10.3 (1)  –    -22.8 (1)  – 
Spisula trigonella  8.9; 10.4 (2)  8.5 (1)    -20.4; -22.4 (2)  -24.0 (1) 
Sanguinolaria biradiata  9.0; 10.4 (2)  10.5±0.2 (3)    -21.1; -22.3 (2)  -22.1±1.2 (2) 
Gastropoda           
Nassarius burchardi  13.7; 13.7 (2)  12.5 (1)    -17.5; -19.9 (2)  -17.4 (1) 
Velacumantus australis  11.7; 12.6 (2)  10.2; 11.1 (2)    -15.6; -17.6 (2)  -16.9; -19.6 (2) 
Arthropoda           
Calanoida  11.0±1.1 (3)  8.7±0.5 (3)    -22.8±1.6 (3)  -26.3±1.1 (3) 
Amphipoda           
Grandidierella propodentata  9.0; 9.2 (2)  9.6±0.3 (3)    -16.4,-18.0 (2)  -18.2±0.4 (3) 
Corophium minor  –  8.6; 9.6 (2)    –  -21.7; -23.2 (2) 
Isopoda           
Isopod sp. 4  –  9.9 (1)    –  -20.4 (1) 
Decapoda           
Decapod sp. 1  14.3±0.1 (3)  –    -23.9±1.2 (3)  – 
Decapod sp. 3  –  12.9; 13.2 (2)    –  -18.4; -19.0 (2) 
Insecta           
Insect A  5.7±1.1 (3)  –    -23.6±0.9 (3)  – 
Insect K  5.3; 6.1 (2)  –    -15.7; -16.2 (2)  – 
Insect L  3.4; 3.8 (2)  –    -24.1; -24.3 (2)  – References 
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